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for launch in 1997. In addition, a TOMS instrument was launched aboard a Soviet spacecraft in 1991. 
Mission Operations funding is included for the Upper Atmosphere Research Satellite (UARS) data analysis, 
which initiated the U.S. Global Change program. Funding is also included for continued development of 
Landsat-7 , which is being managed by a joint NASA/DOD team. The data provided by Landsat-7 will be an 
integral part of the U.S. Global Change program. An active basic research program is also maintained. 
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This budget request maintains a strong commitment to develop a broad technology base in support of the 
aviation industry, enhance safety and capacity of the national airspace system, and assure U.S. superiority 
for national defense. Funded is including to augment the High Speed Civil Transport (HSCT) program by 
conducting research to develop the advanced propulsion, materials, aerodynamics, and flight deck 
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is composed of two carriers depending upon whether it is attached to the sidewall or goes across the bay. 
During the mission, the Hitchhiker payloads can be controlled using the aft flight deck computer /standard 
switch panels or on the ground through a Payload Operations Control Center. Five Hitchhikers have been 
flown and additional flights are planned in FY 1993 and FY 1994 such as the Super-critical Helium On Orbit 
Transfer (SHOOT) experiment. 
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test and qualify new launch support equipment. The robotics lab is seeking ways to apply robotics to 
payload and launch processing. In addition to these R&D efforts. KSC support also provides launch site 
users with crucial services such as instrument calibration. Non-Destructive Evaluation (NDE) . and chemical 
sampling and analysis . 




tv 

G3 




4m 




rH 


CD 

O 


to 

rH 

cd 

00 

> to 



p 

rH 

P G 

G 

rH Cd 

to 

rH 

CD 

•H 

C -H 

•H 

cd 

•H 

rH 

P 

P > 

00 

P 

> rC 

to 

•H 

G 

O 

■H 

CD 

o 

>> 


cd P 

G 

W pQ O 
G Eh 
O PQ X 

*h cd 

P CD rl 
u A P 
GPP 
3 cd 
4 m o o 

p 

« a 

Eh P O 
W P *H 
O W 
diaw 
,C <X mH 
P 0 S 
10 

a < 

•ri H W • 

cd <3 x 
w 0 S a) 
to -h G 
<D G <d G 

O *H ,£ -H 
o S P P 
P 0 

cx a) p o 

X P U 

cd -h o 

p > CX CD 

G O (XrO 
P P 0 
U iX W H 
G iH 

P »H O *rl 
P rH P > 
10 -H 

a) > cd x 
p o at 
P cd to 

CD tO rH 0) 

,G <d cx 0 
p 3 o 
^ fi w 

<4-1 CD *H -rl 


G W <u s>> 
O *rl 'H rH 
•H P W 
P Eh -H G 


CX • *„£) > 
0 i — I cd CD 

o id a p 
u > cd cx 
a> o 


P CO ^ -H 
Ot P P 


Cd -h P 
P Pm 0 u 
O rl Cd 
ft Q) P 

p A cx a> 
o p o *0 
v H 

G J> rH 

•H O rH 
i— I *H 

a> oj > lq 


•H G cd G 
4-> cd cd 
to o cd o 

0) p p 
(D 3 P 
^ ftP ^ 
on o do 

cn CO P -rl 

rH ft rH 

oO P Pm 

>* g to 

Pm *H cd CD 
X P <J 
0 ) G 4m cd 
rC 0 G CX 
Eh P ‘H 00 


tO cd 
•H P P 
10 P oO 

>> o o 

H ft P 
cd ft ft 
. G 0 
cd W ^ 
PQ 


3 > 

P P X 

a cd 
0 O PQ 
P tfl 

P P 
Ud M 
G <D 
X Cd eh 
CD 

rH a) >> 

i a ft do 
0 cd o 
o t-h 
o d o 
p a 
d cd ,£3 


oo a) 

00 GO X 
G G 

*H r— I 

G C0 o 
cd to G 

CD *rl 

• o 

Pm O W 
Eh P <D 
W ftH 

5 cx 

<P 0 

- o cd 
O X 
Pm W CD 
W G 
X O rH 
•H cd 

p p a 
cd a o 
G *H 
P 3 P 
P <4H -rl 

o x 

a 

cx p < 
0 o 
to P 


a to to cd 

•h 0 a 

o0 CD to cd 
GPP 

CD to <J rH 
>1 3 Cd 
DO W T) U 
G O -rl 
•H x P 0 

H C ft 0) 
X cd _ ftQ 
G So 
, cd to o 

,G rH p - 

<D to to 
O W 0 00 
P to O G 

CD *H 
d > 4n P 
CD O CD 
P CD > 
cd p G o 

rH Zi o a 
CD to -H 
P to P rH 
CD Cd rH 

to P rH Cd 
G CX rH > 

o cd 


•H 

G 

p 

•H 

•rl 

P 

cd 


a) 


cd 

. 

P 

o 

to 

O 

G 

G 

o 

> 

,G 

G 


CX 

Eh 

rH 

p 

to 

cd 


G 

o 

O 

•H 

4 m 

O 

CD 


oo 

Q 


cd 

o 

CD 

p 

G 

•H 

ft 

P 

P 

P 

P 

> 

O 

G 


CD 

o 


O 

CD 

O 



P 

G 

CD 

cx 

cd 

Pm 

•rl 


,G 

•rl 

cd 

•H 

CX 

•H 

X 

G 

o 

o 

CX 


p 

C/3 

rH 


p 

G 

rH 

> 

O 

P 

G 

Cd 

CD 

o 


o 

p 

2 

0) 

• 


rG 


P 


Cd 

cd 

CD 

rH 


i — 1 

p 

X 


X 3 

o 

• 

o 

O 

CD 

>> 

o 


rH 


O Pm 
0 00 ON 

X on 


'H G kH 
0 cd Pm 


S O -H 

x oo 
Pd o 
rH to 

Cd • rH 

G U < 
o oo 
*H X 
to 

G P OJ 
(D cd ft 
4 0 CD 
•H d X 
X CD 
X X 
<D -H CD 
0) > ho 
p o G 

rC P G 
P ftP 

CD tO to 
G *H *rl 

4 00 P U 

G rC c/3 • 

CD 00 X CD 

•rl G 

G 03 P -rl 
»H P Cd rH 
Cd CD 

0 > to P 
o g a) 
X o oo 
® <3 h d 
rH a P G 
to ,q 


O DO ft H 
O ,G 
OO P P 
G G >> 

«H CD P G 
> X O -rl 

H C P 
o <D cd d 
to CX P CD 

o o d 
P d ^ G 
O G Cd G 
ft H H ft 


CD P tO 
P 

P G 
CD P O 
X O -H 
•rl CX P 
> CX Cd 
O ft! P 

P to G 

CX CD 
00 0 
o G G 

P *rl P 
DO P 
CD Cd to 
G 0 C 
G *H *H 

P C x 
GOG 
O -H cd 
O to 

tO 0 

rH *rl rH 
H 0 *rl 
•H 4 m 

•rl CD 
CQ ,G P 
Eh ft G 
W cd P 
P U 
G oOH 
•rl O CX 
P 

OO O G 
0 M O 
•H CX -rl 
X P 
G CD O 
G d 0 
tft 0 
rH Td 

to o G 
C G cd 

O -rl 
•rl tO 
P to CD 
Cd CD > 
P H H 
a) cx P 
a 0 cd 
o cd oo 
X <D 

a) c 


ftft o 

Cd -rl -H d 
P P P G 
do p cd cd 

O CD O 
P U -H • 
O P CO 

-- rO 

CX to Cd rH 

O G <p o) 

P O -rl 

O -rl « ,G 
•H P P to 
0 cd G 
u cD d 
d 'H 0 G 
C p CX -rl 
cd -ri o > 

U rH 

G CD CD • 

o cx > to 

•H tO CD P 

■p d a) 

ox) ^3 

G G - G 
d cd G id 

O DO rH 

P to -rl £i 
CX P to 
CD G <D rH 
P CD X) Cd 
0 0 

P 0 •• P 
o o p a> 
<p o G ^2 

x) <D P 
>> 0 
P d G • 
O CD to to 
P P -rl X) 
■H rt G G 
to H P O 
O O G P 

ft o ft G 

CD tO CD tO 
P tO P 
cd CD 

G P P 
O x) G cd 
•rl G CD 3? 
P Cd G x? 


rH O rH 

Pm -H 
rH C/3 P 
Pm S W 




P T) 

G G TO 

d) (U g <D 

0 a) > 

CX TO P *H 

•H M 

g c o w 

U* (5 W 3 <U 

(DP MO 
TO r-l P P 

O TO 

P <D 


W 

H 

§ 


TO P *0 TO 


oj 

p 


> 

P 

a) *o 
w 


O CX G G 
G oo G 


c 

CO 0 } 
P P 
H <D -H 
CO 


•H 

P 

a 

o 

a 


a c (0 4 ) 

g p ^ 


0) CO 
P g 

QJ 

-O P 

c c 

CO *H 05 
G ,G 

a) s a p oo os 
O G O G 
G V rG «P 

co ,g o 
G P 


CO rQ 
•H 
TO IH 
P cO 
o 


■rl * 

> <r 

os 


*H 

TO >-< 
TO TO Pm 
0 ) <D 
•HOC! 
P O *H 
•H P 

cx *o 
0 ) 
p 
G 


P 

p TO TO 

G P d> P 
H P P ‘H 
CO O rH 

6 a 4) >h 

a,c ,0 
O G P G - 
CTO CX <D 
CO TO CO G 
P CO O O 
•* TO 
TO 

P - - 

TO O 1 G 
0) (D TO 
P P 

TO 
C 


G 
G 

•rl 
P 
. G 

a o 

41 ,C ^ 8 U 

3 O p o 

■ ■ O O TO 

P -H 
CO tj 
P -H t>> 
O G P 


p <r _ _ ^ 

o ON O ,Q H *H 

*p On -rl G P rH 

r-l P rH -H 

TO CO 


P 

■a 

*H 

i—l 

P 

T) 

G 

CO 

TO 
0 
<D 
,P 
» TO 

TO 


p 

G 

G 

G 



o 

o 

TJ 

o 

G 



•H 

G • 

•H 

P 


TO 

TO 

G DO P 

G 


0 

i—l 

G 

G 

T) 

• 

Q> 

G 

C *H 

0 


TO 

P 

ex 

O TO 

P 

P 

0 

•H 

o 

•H TO 

o 

O 

G 


p 

P Q> 

p 


P 

O 

CX 

•rl O 

G 

rH 

DO 

O 


TO O 

•H 

rH 

O 

o 

G 

•H P 


G 

P 


QJ 

G CX 

TO 


ex 

o 

> 

a 1 

P 

• 


cn 

QJ 

O TO 

QJ 

<r 

DO 


TO 

G i—l 

P 

a\ 

G 

p 


G 

P 

os 

•H 

a> 

P 

G *H 

G 

rH 

P 

> 

o 

P P 

G 


•H 

o 


G QJ 


G 

P 


TO 

TJ P 

T) 

•H 

QJ 

p 

G 

G 

G 


G 

o 

o 

DO 0 

QJ 

P 

0 ) 

p 

•H 

G 


P 

rG 


P 

•H T 5 


o 


TO 

G 

P G 


cx 

QJ 

0 > 

P 

P G 

• 

CX 

o 

QJ 

O 

TJ 

G 

P 

•H 

CX 

ex to 

QJ 

TO 



O 
rH P 

to 

G T> 
o G 


(0 

P 
P 
o 
ex 
ex 
G 
•H 00 

TO P 
- TO 
>> d> 

a H 
G 

a) tj 
do G 
< co 

P rG 
o a 

p 

DO CO 


G Ol 
P 


o 
G 
P 
P tJ 

to a) 

<D P 
P P 

a) 

a> P 


rG 

P 


t$ o 

<D «rl 
P P 
Mu 
a) 0 a> 
G o ex 
P TO 
G G 
W P (0 *H 


TO 

"O 0 
d) d> 
P P 


G rG 
CX 
CO 


<D 

G 

o 


G *H 
OPT) 

•H G ^ 

P (D CO 
c 0 TJ 

P *H 
d) 

ex - 
O CO iH »H 
P (0 o 
H CO T) CO 
CO TJ G P 
O cd 
•H P DO 
G P w G 
,G *H -H 
O rH tH T) 
<D -H O G 


TO T) 
_ ^ G 
CX TO (0 
(X 

GPP 
WPG 
QJ O 
TO CX X 
d) O 
•H 4 ) 4 ) 
P rG 
O d) o 
P rG 
CO P 
P I” I 
O TJ O 

X G p 

(0 Cd rG 

p d) 
• > 
DO TO 
G G 


d) 


P rO 
G 

T) *H G 
G rH O 
G 0 J CJ 
P 

O 
P 


P 
P O 


DO G 
G O 
•H *rf 
P P „ 
0) co CO 
<D P P 
G G 
•rl QJ 
00 0 
G G 
P 
P 
TO 
G 

•H 


QJ 


O 

•H 

P 

•H 

P 

G 

a) 

•H 

U 

TO 

G 

•H 


TO . 

0 CO 
G 
. rH 

oO cd 
o > 

p d> 

ex 

0 ) 
> 
•H 
P 

CJ 

G 
P 

O P 
TO TO 
0 ) 

<d ex t> 
p o i 


o 

P *H cd 
qj p a 
<d cd to 
G o 
•H *rl <2 
DO C W 
G G < 
W 0 S 


O <0 
• O rG 

TO P 
d> TJ 
G G TO 
cr 1 G G 


dJ 
P 
G 
> 
P 

> P 
QJ “ 
•H 

> 


G 

rG 

o 

d> 

p 

G 

O 


- <u 
p > 

g a> 


G Q> T) 0 


0 
ex t) 
•H G 
G 
a 4 
QJ 


TO QJ 
O i—l 
•H O 
P P 
ex 

O TO 

P o 
.. 4) TO 
P rO W 
O -H 
QJ P rH 

ex 

► *H 
G P 

O rH 
•H G 
P P 
O 

dJ O 
P P 
QJ 
TJ 


TO 

G 

•H 

P 

<D 

rG 

p 

o 


CX 


G 


TO 
QJ 
_ -H 

QJ DO rH 

P O G 


CJ) 

00 0 ) O 

WPG 
G rG 
P P O 

G rO a) 

•H P 


p tj 
P G TO QJ 
QJ G G ,G 

ex oo 

TO 

o DO TO QJ 
TO G G *H 
•HOP 
P T) O 
WPP 
QJ G G 
P N P 
G 


P 
P 

O _ „ 

CX Q> rG 
CX TO 0 G 


qj <u 

•H P 


G d> 
TO TO 
G d) 


QJ G QJ rG -H 


. O 
P rG rP 
G G 
cfl G h 
G 

g a> 

TO 

„ G d) 

d) O rG 

ex -h p 
p 

* G P 
oO P O 
G G 

QJ rH 


P 

P 

<U 

G 


P 

QJ 

P 

G 

QJ 

O 




P - 

a 

G 


G 

P 

P 

0 H 

P 

g 

rH 


•rl 

P 

QJ O 

G 

CX 

P 

P 

TO 

O 


TO 

G 

< 

i — 1 



cx oo 


G 

O 

P 

>> rG 

TJ 

Q) 

P 


O 

H 

QJ 

O oo 

» 

CJ 



TO 

G 

G • 

P 

P 


P 

P 

rG 


TO 


P 

TO 


rH 

G G 


TO 

* 

P 


P 

>> p 

G 

p 

rH 

G 

X 


O 

O 

G 

>*l 

G 

TJ 


P c 

o 

G 

G 

> 

U 

rH 

P -H 

•rH 

•H 

P 

O 

G 

. 

o 

•H 

QJ 

TO 


G 

G 

G P 

G 


O 

CJ 

G 

P 

p • 

P 

0 

QJ 

P 

G 

O 

QJ G 

O 

QJ 

P 



Eh 

cd ' — - 

G 

5 

P 

P 

G 

•H 

0 P 

TO 

T) 

G 

rG 

TO 

00 

P oo 

G 

o0 


O 

rH 

G 

ex rG 

G 

G 

P 

U 

a> 

? 

o o 

rH 

G 

G 

ex 


rG 

■H -H 

P 

rH 

O 

G 

TO 



G 

G 


ex 

QJ 

CJ 

G rH 

P 

CJ 

rG 

G 

crl 

P 

G S 

> 

G 

TO 

G 

rG 

0) 

0< G 

rH 

G 

G 

G 

O0 C rH w 

QJ 

0 

< 

TO 

H 

p 

QJ O 

G 

•H 

rH 

t— 1 


§ 


II- 


BASIS OF FY 1994 FUNDING REQUI 


d g to 

<D 8 P 
M *H tO 
U ^ H 

d _J 9 x 
O w o 
Q 


to 

PJ 

V 2 g 

<n tJ ® 

J>§ 3 

T2 *h o 

5 P r< 
^ W H 
M w 





X 


X 


to 






O 


to 


p 






*H 


>> 


X 






X 


X 


•H 






> 


co 

PJ 

X 


X 






d 

d 

to 


CO 




to 


cd 

d 



X 




d> 

P 


o 

to 


O 

o 

o 

o 

! O 

U 

• 

Lt 

Li 

Lt 

d> 

o 

o 

o 


o 

w 

00 

P 

dJ 

ft 

00 

nO 

•<r 

> 

ft 

d) 


X 

0 

to 


• 


Lt 

ft 

o 

o 

d> 

o 


<r 

o 


d) 

d 

X 

p 


p 



CNJ 

ON 

to 

to 

> 


1— i V 

to 







Li 

to 

<r 

d 

^ 




X 

d) 

d) 

d 


a 





co 

X 

to 

o 



* 




o 

X 


X 

- 

0) 

d) 




rH 

to 

X 

p 

d) 

X 

o 




>> 

to 

co 

CO 

o 

P 

X 




CO 

d 

> 

o 

X 


> 




CL 

a> 

d) 

X 

> 

>> 

Lt 





Lt 

•H 

X 

Lt 

44 

d) 





d dJ 
X d 
0) O 


1 1 M T1 

CO (0 0 ) > ^ 

X tO O 


d) ^ -H 0) W W S 

•o « +J Tl M <H 

•H-O fl) O P PJ 

> X P a PJ to u * 

O > p tO CO ^ 


X P 

^ d d) u u 

X u o o 

P CO 3 <H 4-4 

0) P 

p O 04 P 

d P d O d 


n o ^ S Bl -o w o id ^ o o 

ft P X d PJ O d £ O PJ P X 8 

cl^ co d P co 2 d to p o> 

o cO p ^ H nJ X P 

p O •* /—. P to 10 O P (0 CO X 

P 0> cO tO d> 8 P W d 

<u 04 ^ *ri d) Hi P d) a) cd 


p o • • /-> p to w 

P Cl CO M (D 

<U 04 ^ *H <D 


P PJ X 
BJ C H 
CO 

P 10 

o> - e 


<D 0 u to 
■HOOP 


OP.flPCCI^-OO 
X X P to O X -H M 

P X SU PH M 
•H Cl M X C X 


0) - 0 tO d> O > (5 C *H rl cd 

oowa>t*»><dopox> a 

t)CPHO l fi I QO*H d) O 


d O X CO X 


d cO P 


D O H d) O 

0} p « -d ^ ^ -H 

co to o a p p 


tO d) (0 dJ n X X PJ O co 

p w *o 

CH3HWP>ft X P X CD 
d> 0 H COS O Ctf X dJ <J X X ft 

g o 8 co ^ d 4 fi o £ o 

ac d fo co p x 3 

X CO X d> d >> S W C 

^ M cd P PJ >> X co 
m p o x a> d x x - 

pq a> ^M>P(dHhuow 

P O X c0 O X O CO CN'H 

P O X CO X P 8 0 ON 

p4-l>Xd'~'Od)OP •f-403 
o Po8co<ftOO04 04 

a W d) Cl H W o C o d o 

cLOJtoftcocoPdJft o x o 

p a 10 ^ CO X w P *-H x 

CO X X d X P O P P P 

> CO O P d P d X X X 

pjPC<NXOt>44<D cOSctJ 

C dJ o ^ W P rl OP d) 

CO tO X tO CO X d O X C X 

p **HrHd>Cd)*HC0c0c0 
toojfttosd>oo>dxd 
d X O C 0 CO X P P tO P 

o P o O H P P H « Cl » 0 


0 o 8 to 
ft C d h w 

X CO X 0> 


P OX cd H 
P 44 > X P 







> 

CO 


o u 





PJ 

Lt 

d 

cs 

•H O 





d 

d) 

o 

* 

to P 





to 

to 

X 


tO CO 







p 

• 

•H X 





to 

dJ 

cl 

to 

a 2 





d 

X 

o 

d 

8 





o 

p 


o 

d> X 





•H 

p 

• 

•H 

X CO 





P 

d 

to 

p 

p 





<T3 

X 

d 

(0 

p oO 





Lt 

co 

o 

Lt 

d d 





d) 


•H 

d) 

X x 





ft PJ 

P 

ft CO Lt 





O 

u 

CO 

O 

d) 






co 

Lt 


d) d> 





P? 

pj 

a> 

>>X d 





(0 

d 

ft 

p 

P X 





O 

co 

o 

•H 

oo 





X 

p 


8 

d d 


P 



>> 

to 

pj 

•H 

x w 


d 



CO 


cO 

X 



<y 



ft 

d> 

O 

o 

d) 


0 




X 

X 

Lt 

X X 


cl 


w 

0) 

p 

>> 

ft 

p p 


X 


p 

X 


co 


co P 


d 



p 

pj 

ft PJ 

x d 

to 

a 1 


< 


d 


d 

d X 

d 

d) 


H 

X 

o 

X 

co 

o co 

o 



to 

o 

>N X 


X 

X 

p 




<u 

co 

* 

p d) 

p 

H 


Q 

to 

X 


to 

P X 

cO 

o 


55 

d> 


H 

d 

CO P 

Lt 

ft 



> 

P3 

o 

o 

ft 

d) 

ft 

X 


X 

d) 

44 

> 

d 

ft 

d 

co 

to 

p 

H 


N 

to x 

O 

to 

p 

W 

a 

*H 

P 

a> 

dJ 



o 

> 

<u 

d 

d 

pj 

•H PJ 

PJ 

pj 

H 

M 

*x 

u< 

0) 

d 

P d) 

CO 

CO 


E-» 

X 

<u 

8 

a) 

X P 

O 

o 


O 

o 

Lt 

ft 

Lt 

X X 

X 

X 


W 



•H 


x d 

>> 

s 


F> 

dJ 

d) 

d 

Li 

o cd 

CO 

co 


A 

X 

p 

td 

O 

co d) 

ft 

ft 


o 

H 

CO 

<u 

X 

X P 


K P P 


X X 

d) d) 

d> 


a d <d d) 
o o d ^ do 

o p co p d 

X O X 

p w x x > 


co p p d 8 d o 

o CO dJ -h ft X X 

x x a. p o 04 w 

>> o o to «-» o to 

co O (0 d) O *H 

CP CO T3 -M > 'P 0 

to co a) 

^ (d O - TJ p to 

m rH to U *rl 

w a) >> -h d) o xJ 

to cO to X! CL pj 

• o fc >nP a 

to 1 — I P Li 


O 

P P P 


d a> 

O X! CO 
•H P O 

pj rH 

•H M 

-O o td 

p <p a 
<0 

to 

d d) c 

h p cd 

*H 

, > d) 

• O PJ 

P M -H 

•H CL W 

P O ^3 

o to o 

• iH d 

d co d 

o co 

10 rH 

to d 

ci o d) 

0 -h x: 

•H P P 

P CO 

1 • U P 

! >, d) CO • 

co CL to 

i p o ^ d 

I to to o 

P H 

i u co a. p 

I d) O ft4 CO 

1 O0 rH w 

I d *>> O 

i O CO to 0 

I H ft O B 

L| *H O 

> to p a 

d) ■ *h a 

! O P rH CO 

( d x: *h 

Cd DO O P 

I rd *H CO CO 

i d o ft o 

0) > rH 

I DO 

! to oO d CO 

I d d *H CL 

> x: *h to 

I P O to d) 

I d (D rH 

i -a o p 

I C d> O P 

co u u d 

i x: 

j p >> co 

: d x> 

id) CO T5 

J 0 dJ o l» 

> P O co 

I LI d 

) co CO co d 

Pli 0 0-» (0 

0 0 Li P 

: o o d) to 

< V <H rd 

> Lt P d) 

j > d> x: 

: <d cl tp p 

H o 

• o p XI 

: co d p 

> <1) O O *H 

1 d H H > 

) P >> P 

5 CO c0 d> 

4 d CL Lt O 

3 »H d) CO 

T3 CL 4-1 
9 (1) O O P 

4 U tO d) 

: co co p p 

j cl d) d d 

to P CO *H 

4 O 

) ft d d) o 

■» d *H U P 

d 

3 to to CO d) 

U <U d> d Li 

: dj -o <d co 

4 P ‘rl P ^ 

o p > d *o 

J O H P 

D P P CO CO 


8 to d o 

0 d iH p 

o o o 
a -H d O 
CJ P «H CO 


CO CO &4 

o to 

*H *H d) 


CO O • 
CL O P 


rX 

d) a 
X ■ a) 
p> w p 
d) 

P -H P 

CO P X 
■rl DO 


d CO rH *r4 

4-1 d) O (D H H 

O X rX Li O 4 -i 

P o CO (0 

<D 4-i P 

Li to X ’H 4n 

d) H U cd P Ctf 

> H CO 

•H ^ Lj O P 

r-| Li d P *H d> 

d) O CO tO >> -H 

p do d d p 

01 DO CL *H 

•O. P d d T3 

d CO -H -H to O 

co o to d 0 

to d> o 

• Li <D x -H • 

oO O o P Li DO 

d **h o co d 

-h co u d > *h 

P 0 CL *H rH 

tO d) X 

d) <; -o 0 x cd 

p d d) p a 

d p 

- • o to oO 

p to p >> d to 

d d do w o x 

d) o 0 

0 -H oO 0 CO O 

ft to d o oo 

O tO -H O d Lt 

1 — I -H Lt U O CO 

d> 0 d d) -h a 

> P P w 

cu < a to * 

P 00 d -H -H Lt i 

<4o 0 0) 

HI 2 p H to J4 1 

X to co d *h : 

P o) to d cd x r 

rH -H O Li x 

p CL 0 -H P O 

O -H W P P* 

d) P d Cd CO -H 

rH rH d Li P X 

4-1 d Lt 0) CO 

d) 0 P ftp Li r 

Li O O 

O cO ft ft 

tO P P O 

o> co a) d»- 

P C ^ P) >> Li 

co o co p cd 

6 8 P p -H > r 

•H 0 (0 DO rH P 

p o O CL co Lt 

to O rH d d Cd 

0) >> a 1 X 

to co d 

p d) ft cfl P m 

d *h do 

d) P P P CO CO r 

0 -H O C 4 h 

ftH ft CO S p 

*H *H P 0) 

d X ^ DflH P 

U* Cd Lt d rH d 

0 ) Cu co -H *H -H 

to W H x 

P O M X H P 

Lt d) CO X CO 

O T3 O O d> O ■ 

CL d d) X rH * 

ft (I) (3 O ft ^ 

d -H co T 

W ft ft ft P CL 

d d cl cu \ 

p n d) o w p 

cO 0 0 CO 0) < 

O CL CP Li CD P 

H *H *H d> P *H 

S d d X a x 

cO o’ o*H d LI 

ft. d) d> 4-1 *H O 


CHANGES FPOM FY 1993 BUDGET ESTIMATE 


>> 


* 



P 


OO 



cd 

g 

■ 

W 



•H 

<» 

cd 


rH 

P 

,G 

1 — 1 

* 

o 

CL 

P d) 

^3 

p 

< 

K 

w 

<U 

P P 


W 

cd 


P o 

o> d) 

H 

CL 

P 

d) P 

G X 

■ — • 

DO 


U <d o 

G 


i 


o 0 

•rl rH 

P 

cd 

. 

CL O C 

C o 

d) 

p 

Q) 

o o 

G C 


w 

P 

P P -rl 

•rl 

•H 

•rl 

cd 

d) G P 

c 

rC 

P 

0 

POP 

O 

A 

rC 

•rl 

•H X 

•rl ^ 

o 

o 

P 

,Q 0 )X 

w a\ 

p 


W 

p X cd 

W rH 

•H 


0 ) 

O P 

•H 


d) 


a> 

0 5 h 


p 

P 

X DO rC 

p 

> 

dJ 

<u 

C C P 

X 


tC 

DO 

CO H 

c c 

1 

CL 


x 

g 

& 

<u 

.G 

p 

0 

o 

u 


O 

P 


X 
W G 
P OJ 
a a a) 
d> G 
B -dTJ 

a) a) 

P X W 

•h a <d 
G a> w 

cr 1 a, aj 
p a> w a) 
p G p 


g 

O tD 

•H X 

rH W 


w a 
c 

>o *H 


•H 

a 


d) 

P 


cd co 

p 


w . . 

rH ^ o <u 

- w cl w 
N CO S 


M 

<jy 


x 

0 ) 


(d 


a) d> 
p p 
o 

00 0 ) 
G X 

•rl 

d> W 


d) 

X 

0} 

C 0 

X 

p 

g 

0 ) 


<y p •- 

P DO ,G 
a d> a> P 

p p 
C as do 
•h G 
A *H 
CoP 

O -rl P 
•H ,fi 0) 
P > W 

cd P 

_ P W P 
0 C/0 J*3 O 
CL W 
•H <D C0 >> 
G O P f-H 
C7 1 cd rH 

a) to 

00 O *H 
P P 

M 4 -h t /5 P 
O O 0) <0 

CL rH Pu 

<l p a* 

ccs 

CO a) (0 
0 « 

-d w a) 

G W 


P 
P 

_ w , o 

cd a> a> P 


WPP 
w w cd a) 


(d *rl 


C 

o 


•H P 
P 

cd a> 


co 

o> w c 


oo o 
•rl O 
W rH 

a) 


w 

d) 
o 

•rl 
> 

P 
d> 
w 

x 

<d 

o 

rH 
>> 
cd 
cl 

p 
p 

o 
cl 
cl 
G 
w 

o 
p 

< 
a> do 
G C 
C 

•rl 

P 
C 
o 
a 


rd 


p p 
p 

o > 

CL tD 
CL • 

G d> 
W 0 
<U 

DO P 
C P 

•H 

> 

•H 
d) 

a 

d> 
p 

w 
c 
o 

•H 
W 

w 

*«H 


W 

O 

0 

P 

<3 


cd 

c 

o 

•rl 
P 
cd 
C 
p 
dJ 
P 

. c 
0 w 


X 

DO 


P 
O 
*r~> H 
Cd 00 
X X 


DO 

c 

•H 

X 

c 

G 

P 


< 
w OQ 


c 

o 

•rl 

W 

W 

•H 

X 

o 0 

C 


C 

o 


H 

DO 

w 

all 

av 


OJ 4 J 


X 

•H 

H 


c 

CM i 

CL 

C 

a> 

cd 

p| 

<r 

o 


O W 

o 

p 



ON 

•rl 

w ai 

♦rl 

•H 


rH 

p 

ON 

P 

do 

X 

W 

c 

cd 

o 

H 

cd 

cd 

cd c 

P 

o 

C 



p 

tG • 

o o 

a> 

•H 

p 

00 

>H 

DO 

OJ CM 

rH w 

> 

P 

a) 

w 

P 

d> 

a « 

co 

C 3 

cd 

P 

DO 


p 

cd 

cd a 

O 

p 

X 

< 

c 

c 

cl X 

Pm p 

CJ 

w 

<D 

PQ 

M 

•H 

00 M 


X 
a) do 


I 

•H 
P 
cd 
p 

<D G H 

CL X 00 

o a> 

,G 

u * 
W OO 


d) 

•G 

P 


a 

•H 
> 

P 
CD XI 


X 
cd 
o 

rH P 

>> o 
cd p 

CL 


c ai 

•rl X 

P 

X 

dJ >-» 
P ^ 
<u 

o0 C 
X d) 
G > 

,0 *H 
p 

>n x 


K CN 


Ou 

S 

DO 


W 

G 

O 

•H 

> 

<U 

P 

CL 

dl 

P 

d) 


•H 

> 

W 

P 

C 

d> 

0 

d> 

P 

•H 

G 

a 1 

d) 

p 

d> 

w 

a> 

*G 

p 


d> 

P 

d) 

rH 

CL 

0 

o 

o 


p 

rC 

•H 


o 

o 

P 

d) 

p 

•H 

O 

p 


*c 

cd 

cd 

d) 

> 



CL 


d) 

w 

o 

- 

w 

d> 

a 

w 

d) 

•H 

w 

<D 


X 

a> 

•rl 

P 

G 

i — i 

P 


P 

a> 

•H 

P 

W 


> 

o 



•H 

p 

C 

p 

P 


DO 

<u 

a 

oO 

•H 

P 

cd 

c 

to 

a) 


•rl 

(U 

0 

C 

X 

X 

o 

o 

C 

d> 

p 

•H 

G 

P 

p 

P 

P 


a 

cd 


d) 

d> 

p 

X 

rC 

CL 

DO 

C 

p 

DO 

d) 

cd 



P 


<D 

X 

c 

d> 

O 

d) 

•rl 

CL 

C 

p 


o 

O 


cd 

p 

p 

c 

M 

o 

•H 

c 

0 ) 

00 

o 

>> 

p 

u 


x o 


c 

w 


X 

cd 


• 



a> 

>0 

p 

DO X 

cd 

d) 

c 

H 

> 

P 

•H 


p 

cd 

P 


d) 

rH 

cd 

• 

X 


0 


C 

G 


ON 

G 


C 

ON 


P 

o 

rH 

>> 

Cd 

•rl 


rH 


P 


P 

X 

cd 

P 

c 

d) 

p 


d) 

p 

GO 

G 

p 

C 


•H 

p 

d) 

CD 


G 

w 

O 

X 

o 

a) 

cd 

d) 


p 

Cl X 

P 

CL 

DO 

G 

p 



rH 

o 

X 

O 

O 

p 

c 

P 

C 

p 

cd 


•H 

a> 


d> 



X 

rH 

P 

c 

d> 

P 

O 

DO 

C 

P 

c 

•H 

•rl 

G 


w 

P 

rG 

d> 

0 ) 

d) 

DO 

p 

X 

X 


cd 

a> 


a> 


p 

p 


o • 
cd O0 

CL On 
DO On 

i — < 

d) 

,G 

H P 


d) 

C P 


P 

d) 


P 

cd 

P d) 

do 


-13 


BASIS FOR PY 1994 FUNDING REQUIREMENT 

















O 

0 




<p 
















p 

P 

ID 

to 



0 










d 

<y 





0 


d 

p 




1—1 









DO 

,d 



P 


cx 

rH 

’ — 1 

cx 



p 

1 









•H 

p 


*0 

•H 

0 

cx 

•H 

0 

0 



d 

CM 









to 



0 ) 

P 

d 

d 

0 

d 

0 

d 


0 









OJ 

<0 


0 

oO 

•H 


P 

•H 

d 

0 


a 

Q 









ID 

ID 

to 

d 

0 

m 

*0 

0 


0 


p 

cx 

PC 










•H 

a 

to 

P 

tu 

0 

ID 

d 

0 

to 

0 

0 











> 

0 

> 

d 

"0 

0 


0 


0 

*0 

rH 




d) 

O 

O 

O 

O 

O 

P 

O 

p 

*0 

M 


d 

P 

•H 

•0 

to 

0 

0 



P 

p 

0 

O 

O 

O 

O 

tO 

P 

to 

< 


to 

0 

d 

P 

0 

d 

a 

> 


<r 

<D 

to 



cO 

vO 


c 

cx 

>> 


d 

0 

> 

0 

0 

0 

0 


0 


O' 

DO 

s 






«H 


to 


0 

•rl 

*0 

•H 

P 

d 

0 

0 

*0 


O' 

13 


00 

cm 

CO 

I — t 

0 

a 

tu 


rH 

•H 

*0 

0 

0 

0 

0 

4 h 

> 

0 


iH 

d 

p 

H 

iH 

rH 

f—H 

vO 

•H 

CO 

ID 

w 

to 

d 


•H 

*0 

> 

a 

E-» 



PQ 

to 






* — 1 

d) 

d 


rH 

p 

*0 

4 h 

•H 

ID 





W 






d> 

X! 

to 

• • 

d 

00 

d 

m 

to 

0 

0 


p 









P 

H 


CO 

cx 


0 

d 

d 


p 

• 











Cx 


d 

0 

0 



to 

0 

0 

DO 

to 

*0 












0 

d) 

p 

• 

• 


0 

p 

O 

a 

C 










*0 

. 

•H 

P 

(X 

p 

to 

d 


0 

P 

0 

0 










d 

to 

p 

0 


d 

0 


p 

X 

CX 

p 











to 

d> 

to 


ID 

0 

rH 


0 



00 

* 



a 


4 h 

O 


CM 0 
O' d 
O' P 


0 

O O r-» O 

r-* 

p 

^ 0 0 o\ 0 

ON 

0 

u) in cm c- 

00 

a 

P * * * 

*■ 

•H 

m O' m O r- 

CM 

P 

rH ^ 

CO 

to 

rH 


w 

O 



10 P 
d -H 
O > 
•H 
P 
•rl 

d 
•H 
<P 

0 
x 


P d 


P 
p 

o o o 

CX <H CO 
to 

d 


P -H 
a *— I 


( 1 ) 


U Cfl *rl 


(0 


P 

a 

a) a 

a 0 


M 

p x 


a) r-> 
0 to <r 
d w 
„ a 
tx a o -o 
w 'h ti 


P 

o XI C 
H 0) <U 
0 > 

> 

<D ,d 
x a 
d 

x d 


p 

d 


to 0 cx o 

a) a p 

|3 IQ i-H CX P 0 

a) a o o ^2 d 


0 ) rl H 


P ,d 0 *H 

tO 0 > «H 


OO P 
O 


0 

ID 

c; 

0 

O 

0 

O 

O 

P 

0 

0 

O 

0 

O 

O 

0 

to 

to 

T— i 

<0 

O 

r^ 

a 

d 

* 

• 

• 

• 

• 

•H 

0 

0 

<NJ 

(O 

CM 

c-. 

P 

X 

CM 

H 

rH 

rH 

in 


CO 

a 

0 iH 

P 0) 00 W 


0 0 0 CO 

O fH P 
d 

to P 


U* > Q) <4-1 
X 


d > 
0 P X 0 


to > 
>> 0 
to X 

X X 
0) a) 


p 

u 


> <p 
X -H 
CO rH 


d p 

o to . 
•H d 3 ) 
P *H P 
CO X 


0) d -H 

o d 
d p to 
to o ^ 
o 


to 

>> a 

P 0 

*H P 


X >>P d X X 00 0 


to 

>> 


d > p 
to to o 
0 cx 
to X to s P x 


d to 
to 

a) 


p 00 







0 

0 >> 

U 







rH 

> 4 h 

<c 

0 






0 

ID H 


0 






to 

0 P 


0 




* 



C 

• 

CX 




rs 


• 

0 0 

w 

W 

O 

O 

0 

O 

O 

to 

DO *0 

0 


O 

O 

0 

O 

O 

0 

0 *H 

•H 

*0 

O' 

CM 

mO 

rH 


•H 

P 

P 

0 




• 

• 

ID 

0 O 

•H 

O 

<r 

00 

H 

O 

<r 

d 

> P 

rH 

d 

rH 

rH 

rH 

CO 

p 

0 

•rl 

0 






to 

rH *0 

X 

> 


a> 

•rl 

X 

d 

p 

to 


d 
o 

•H 
P 

tO - 
P P to £ 

o* p 04 


a p a) Eh 

(fl (U P 
P P to 
d 


a 

o 

p 

p 

o 

Q> 

•H 

a) 


p 

0 to 


CO to o 
p a) p tp 


0 

o 

d 

o 

o 


to 


o 

04 

to >> >1 to 
d o 00 o 
to d o 


0 to X 


(D P H 

a to 
O *rl 

DO x - ^ 
p ai 00 -n 
> 


0 ) DO 

•h d 


O P 
rH to 

_ _ (U O 0) 

<d rH x 00 d p 


to 

>> 

o 


00 o 


p 

•H 

P 



>> 

X 

*0 

cx 

< 

P 


< 

d 


P 

oO 

0 

0 


O 

d 




•H 

•H 

0 

0 

/> — s 

rP 

0 

0 

O 

. 

rH 

rH 

d 


CO 


a 

DO 

0 

CO 

•H 



fH 

' 

0 

d 

d 

P 

O' 

rO 

ID 

0 

0 


*0 

X 

0 

0 

O' 

•H 

0 

p 

O 

* 

d 


p 

iH 

to 

P 

0 

•H 

w 

rH 

p 


XJ 


0 

0 

"0 

d 

d 

U 

0 

p 

•H 

>< 

0 

rH 


*d 

0 

d 

4 h 

0 

d 


<p 

0 

O 

0 

•H 

•H 


DO 

DO 


to ,d 

POX 
to a) d 
p 


to 


cO 


o 

p 

p 

o 

•H 

p 

cx 


DO 


p 

to 

p 

a> 

cx 


•H 0 
P P P 

cx to 0 

0 0 8 > 

o^l M . 

d to to d o 

o P P 

oO <u x 

o p a) 

p co a 

a d 


B . 

a> 00 d 

p d -h 
to -H 

>> to 
to 

X 
d 


I 

♦H 

DO P X 

■ d p 
. 0 -h 
to a h 

H CX 

a o 


o -d u a > 
d d 


P P X 

•h cx d 
o to 


to 


O P 

0 

tO X 
p d 
a 
d 


> 

•rl 


X cO 


d 

co 

> 


O 

. 

to 

DO 



0 


ID 

X 

d 

> 

X 


•H 

. 

a 

0 



P 

W 

d 

d 

0 

0 

< 


P 

■ 

0 

P 



to 

P 

0 

0 





0 

to 

p 

d 





U 


T 1 

O 

r— \ 


P 

d 

to 

•H 



p 

< 


• 

0 

P 

CM 


P 

0 

> > 


S N 


0 

H 

w 

to 

0 




O 

•H 

to 

d 

Oh 


cx 

CO 

a 

0 

•H 

X 



cx 

P 


0 

M 


cx 


0 

•H 

d 

d 

» 

■ 

to 

0 

0 

•H 

CLi 


{=> 

Q 

p 

X 


0 

d 

/ — S 

d 

P 

0 

CO 

OO 



55 

DO 

d 

o 


0 

cx 

0 

0 

0 

rH 



d 


O 

p 

0 

to 

•H 

w 

p 

CX 

cx 

d 


rH 

•H 


P 

to 

p 

p 

p 

cx 

p 

0 

to 

CX 

a 

0 


CO 

CX 



d 

0 

CO 




O 

0 

P 

X) 

W 


s 

rO 

0 

p 

' — ' 

ID 

*0 

*0 

P 

p 

O 

0 

> 

x> 

« 

P 

a 

p 

a 

0 

0 

0 

CX 

oO 

H 

XI 

M 

0 


0 

0 

0 

O 

V 

0 


0 


d 

H 

O 

0 

to 

p 

CX 

0 

c 

d 

d 

ID 

P 


rH 

0 

d 

CO 

to 

•H 

to 

p 

0 

0 

0 

*H 

cx 


O 

W 

0 

0 

0 

d 

d 

DO 

> 

> 

> 

rH 



d 

*") 

> 

rC 

O 

o 1 

0 

0 

ID 

ID 

*0 

O 



H 

PQ 

XJ 

(X 

0 

0 

p 

p 

< 

C 

< 

m 



* 

O 

< 

" — ' 

d 

p 

H 

cx 


p x a 

o d . 

CO co 0 ) 

p 

to 1 

p 


d 

o 

•H 

P 

tO 

P 

P 

o 


to 

tO rH 
„ > 0 
p X d 
p d 
to o 
cx to 
p 


3 0 <p x 

CD DO O 


§ 
d 

0 a 


0 ) 


0 ) CO 

d x 

o P P 

•rl O 


to 0 

O P 


to 
CO 0 


CX cO 0 0 rH CX cO 

d) a) > a,Q a d) 

O d -rl to to p 

d p • to 

O O 10 d X 

o 4 h a) p 0 d 

to tp a) p to 

•H 4h P X 

0 tO >y d P 

O rH o 

P O rH H d 

10 4 C d 


d 

CT< 
•H 
. d 
to X 

O 


cx 

to to 
d B p 

cO d) to 
P P to 
P to 
>r o 
CO P 


_ p 
tp CO 


to 0 

•H P 


DO 

d 

•H 

p 

d 

p 

u 


to 

p 


0 W P U O P 

oj 0 0 P . 

O-MtOPUXtOO 0 
drd0oddd0<n 
CO DO DO 0 CO rH o 


> 

X 


> 
0 X 


o a 

d 0 


m d 
o d 
P cO 


<tp to to 0 -H X cx a 




CD 







CO 











to 









u 



P 

d) 


• • 

G 


X 


G 


cu 





p 

to 






c 


to 



G 

O 


CO 

o 


G 


O 


> 





co 

CO 






O 


a. 



d> 

CO 


co 

*H 

• 

cd 


•rl 


to 





X 






G 

•rl 


co 



B 

CX 


CD 

P 

dJ 


d) 

P 


X 


CO 



oO 

p 





O 

09 




d> 

CO 


p 

CO 

o 

0 

X 

a 




co 



G 


CD 



•H 

CO 


o 


d) 

o 



cd 

P 

G 

d> 

P 

d) 

CD 

to 





G 

o 


p 



X 

*H 


p 


P 

cd 

o0 



P 

d) 

P 


P 

O 

G 


CO 



♦H 

X 


G 



X 

0 


G 

XJ 

co 

rH 

G 


oO 

CO 

•H 

CO 

DO 

o 

cd 

o 

r-. 

<D 



p 

cd 


p 



•rl 

CO 

•H 

d) 


CX 

•H 


G 

G 

P 

>> 

G 

p 

CX 

•rl 


to 

X 


CD 



X 



0 

X 

G 


o 

p 

CD 

rH 


*H 

O 

dJ 

00 

•H 

cx oo 

p 


to 

0) 


CD 

DO X 

G 




G 

O 

CO 

G 

4h 

M 

G 


> 

0 

CX 


P 



to 

>> 

cd 

p 


G 

c 

c 

o 



O 

cd 

•rl 

P 

XJ 

O 


x> 


O 

<0 

K 

DO 

G 

p 

p 

> 

X 

0 

co 


•H 

•H 

td 

CD 



■ 


P 

O 

d) 

CO 

00 

d> 


rH 

X 

d) 

G 

to 

4-i 

cd 

p 

d) 


•rl 


oO 

0 





X 

CO 

a) 

p 

C 

XJ 


rH 



•H 

to 

cd 


d> 

p 

X 

p 


G 

o 

to 

X 



CM 

G 

P 

*r-> 


CD 

•rl 

o 


O 

P 

d) 

G 

d> 

p 

G 

to 

to 

G 

•H 


CD 

o 

G 

p 



•CO- 

G 

CD 

O 

X 

rH 

O 

co 


4h 

X! 

P 

O 

0 

o 

o 

X 

0 

CD 

G 




•rl 

DO 



CO 

o 

P. 

P 

o0 

p 

G 




DO 

cd 

♦rl 


d) 

•rl 

o 

•H 


•rl 


CO 

to 

DO 



p 

O 

CX 

G 

p 

X 

XI 


d) 

■H 

> 

P 

p 

o 

p 


X 

X 



- 

•H 

p 

G 



4h 

00 



O 

G 

o 

G 


x 

rH 

X 

•rl 

to 

to 

cd 

p 

o 

<D 

p 


G 


to 

♦rl 



<0 

CO 

P 

X 

p 

cd 


p 


p 

to 


CX X 

G 

p 

p 

CD 


o 


0 

> 



O 

4-i 

rG 

G 

X 

CO 

CX 




cd 

o 

X 

to 

G 

CD 

cx 

G 

X 


•rl 

p 


o 




o 

P 

O 

P 


. 


G 


x: 

cu 

d> 


cx 

0 

cx 

<D 

p 


p 

♦H 

* 

p 



X 



•rl 


<0 

4-1 

co 


•rl 

. 



p 

00 

o 

G 

td 

0 

CD 


cd 

X 

G 

cx 



CD 

p 

O 

P 

CO 

o 

o 

G 



CO 

p 

X 

o 

G 

cx 

o 


G 

p 

• 

G 

•rl 

DO 

0 



to 

CO 

P 

c0 

o0 

<0 


o 


CO 

G 

X 

cd 

d> 

•rl 


p 

o 

p 

4h 

CO 

CD 

X 

•H 

•rl 



o 

o 

G 

p 

G 

fX 

p 

•rl 


P 

o 

DO x 

p 

o 

to 

•rl 

p 

p 

ON 

cd 

CO 




cx 

u 

•rt 

CD 

•H 

CO 

CO 

CO 


G 

•rl 

•rl 

o 

•rl 

G 

•rl 

> 


to 

o 

ON 

X 

♦H 

CD 

>> 



0 


cx 

> 


o 

CO 


d) 

P 

X 

X 

X 

td 

p 

G 

p 

G 


rH 

p 

X 

X 

X 



o 

<d 

CO 

o 

cd 

XJ 

a 

•rl 


0 

CO 

4-t 

o 


X 

X 

CD 

G 

•rl 

to 


d) 

CD 





a 

& 

CD 


CO 

G 


0 


•rl 

U 



CO 

G 

<D 


d) 


G 


p 

p 

X 



to 

P 

•rl 

X 

co 

cu 


P 

•H 

G 

d) 

•rl 

<0 

X 

CO 

o 

X 

o 

(14 

o 


o 

G 




00 

<D 

i-H 

X 

Xi 


d) 

rH 

O 

X 




•H 

p 

G 

•H 


G 

X 

p 

cd 



•rl 

oo 

O 

o 

CO 

* 

P 

cd 


CX 

a 

i 

p 

0 

X 

0 

p 

d) 

cd 

p 

X 

cd 

CD 

o 




CD 

G 

H 

G 

G 

00 


x 



CX 

CO 


co 

G 

a 

X 

cx 


CO 

♦rl 

X 

> 

0 

• 



*H 

O 

(0 

G 

G 

0) 

d) 


<0 

cd 

X 

X 

p 

cd 


<D 


to 

p 

0 

G 

o 


G 



00 

O 

G 

> 

c 

•H 

CJ 

o 




G 

p 

DO 


o 

X 

o 

p 

p 


(D 

p 

p 

o 



G 

G 

X 

X 

cd 

rH 

G 

cd 


p 

P 

cd 

•rl 

o 

• 

X 


o 

<D 

to 

G 


Cx 

o 

•rl 



cd 

X 

o 

cd 

G 

XJ 

CX 


X! 

<D 

X 

> 

p 

to 

1 

4h 

CO 

>> 

G 

♦rl 

o 

0 

4h 

p 



X 

<u 

CD 

G 

XJ 

dJ 

co 


DO X 



CX 

d) 

»H 

o 


o 

o 


p 

M 


co 



o 

p 

P 

4-i 

•H 

d) 

p 



•H 

P 

S 

P 


p 



CD 

X 

a 

p 



to 

o 



to 



O 


X 


d) 


rH 

d) 

X 

cd 

to 

G 

CD 

to 

0 

cx 

d) 

d> 

in 


X 

•H 



4-1 

XJ 


G 

o 

>> x 


4-1 

P 

p 

d) 

•H 

to 

X 

p 

o 

dJ 

X 

X 

00 

• 

o 

4h 



•rl 

o 

CD 

G 

o 

CO 

rH 

P 




cd 


P 

Cd 

p 

G 

CO 

X 


o 

ON 

CD 

o 

•H 



X 


o 

o 

•rl 


P 



X 

X 

d> 


X 

d) 


o 



dJ 

o 

rH 

p 

p 

p 



H 

I - 1 

G 

•rl 

H 

co 

G 

p 


G 

c 


P 

dJ 

0 

4-4 

X 

0 

p 

X 

p 


co 

DO 

d) 




to 

cO 

P 

H 

CO 

to 

o 


cd 

cd 

X 

CO 

X 


o 


o 

X 

p 

d) 

G 

p 

> 




o 

> 

a 

*rl 

d> 

o 

4h 




P 

td 


G 


o 

p 

oO 


•H 


G 




* 

oO x) 

G 

0 

o 

•H 



G 

» 

•H 

CX X 

O 

CO 

o 

4-4 

•H 

CD 

X 


to 

•rl 

• 



G 


cO 

X 

o 

4-4 

CO 


O 

to 

> 


cd 

•rl 

p 

CM 


X 

X 

X 

X 

to 

p 

DO 



O 

to 

o 

O 

u 

*H 

P 


•H 

dJ 


to 

P 

P 

c 

rH 

p 

4-1 

X 

cd 

dJ 

CD 

CD 

G 



•H 

p 


p 


04 

G 

G 


P 

•H 

CO 

•H 

•H 

cd 

d> 


G 


co 

X 

X 

o 

CD 

♦H 



X 

•H 

O 

p 

LO 

DO 

cd 


♦rl 

X 

p 

X 

X 

DO 

0 

a) 

d> 


G 

G 

CO 

o 

G 

to 



X 



G 

</> 

u 

•H 

G 


G 

G 

d) 

p 

P 

•rl 

d) 

0 

0 

co 

CD 

CD 

•H 

G 

•rl 

to 



*H 


G 

•H 


<d 

CO 

O 


•rl 

P 

DO 


o 

P 

p 

o 

G 

a 


cx 

X 

to 

00 

CD 



0 

o 

o 


P 

p 


P 


4-4 

to 

cd 

X 


•H 

G 

to 

o 

w 

X 

X 

X 


G 

u 



00 


•rl 

cu 

CO 

•rf 

rH 

P 


<0 


G 

d> 

0) 

0 

CO 


p 

CO 

X 

d> 

Cd 

p 

CD 

o 

• 


P 

P 

x 

o 

X 

rH 

C0 


X 

to 

co 

X 

X 


td 


•H 

s — / 

•rl 


p 

•rl 


p 

CD 


• 

•rl 

O 

p 

a 

P 

•rl 

cd 



•H 

0 

co 

H 

X 

<D 

CNJ 

> 

0 

> 

M 

to 

CD 

X 

cx 

P 



G 

G 


rH 

O 

> 



p 

P 


•H 


P 

0 

Oi 

G 


M 

a) 

X 

G 


G 


CM 

CO 

X 

s 

cd 



DO 


CX x» 

X 

X 

• 

> 


a* 

d) 

d) 

d) 



p 

to 

X 

P 


</> 

p 

o 

X 


• 

CO 

G 


d> 

d) 

G 

CX 

to 

o 

p 

X 


p 

p 

cd 

CO 

CD 


G 

u 


C+H 

G 

p 


O 

P 

P 

•H 


u 

X 

cd 

0 

p 

p 

o 


p 

CO 

td 

p 

cd 

CO 

cd 

G 


cx 

p 

X 

P 

P 

o 

G 


G 



o 

G 

OO 

G 

4-4 

cd 


> 

X 

> 

> 

d) 


p 


o 


G 

cd 


o 

d> 

*H 


o 

X 

to 

o 

d) 


X 

o 

X 

CO 

X 

CD 


o 

to 

G 

P 



(D 

*rl 

P 

CO 

04 

*r-j 

cd 


u 

CO 

p 

a 

0 

to 

G 


p 


p 

Q 

/— s 

p 

cd 

o 

to 


G 

x 


co 

p 

04 

O 

P 



p 

(V 

cd 

*H 

•H 

o 

X 


p 

td 


CP 

cx x 

•rl 

to 


o 

P 

0) 

to 

G 

G 

P 

P 


CO 

•rl 

0) 


P 

P 

o 

G 

G 

<D 

X 

d> 

H 

0 

cd 

p 

p 


•rl 


X 

o 

G 

CO 

CX 



dl 

XJ 

G 

G 

dJ 

X 


d) 

•rl 

>*> 


X 

Cm 

•H 

(0 

4h 


P 

CO 

P 

<D 

O 



. 


XJ 

p 

•rl 

d) 

CX 

d) 

o 



o 

p 

p 

CO 


p 

o 

G 


O 

<d 


P 

a 

u 

CO 

P 


G 

O 

DO 

dJ 

X 

X 

p 

CD 

J>> x 

X 


'■ «• 

o 

cd 

♦H 

•rl 


G 

G 

_G 

o 

§ 

d) 

G 

a> 


1 — 1 


G 

X 

<0 



X 

p 

cx 

DO 

oO 

0 

p 

X 

p 



X 

G 

00 4h 

p 

o 

p 


o 

• 

d) 



00 X 

p 

G 

d> 

•rl 

G 


DO 

X 

P 


<D 

■H 

G 


CM 

G 

•rl 

•H 


G 

CO 


d> 

p 

G 

d) 


•H 

Q 

X 

•H 

cd 

p 

cd 

O 

W 

P 

P 

O 

co 


CX 

P 

x> 


•rl 

G 

< 

> 

X 

•H 

G 

>> 

Cd 


4-1 

to 

p 

CD 

G 

4h 

P 


G 

P 

OO 

CTi 

a 

co 

p 



o 

co 

cd 

DO 

CX 

c 

PQ 

p 

d> 


G 

oo X 

•rl 


O 

Eh 

P 

O 

X 

G 

rH 

o 

p 

o 


a 

•H 

< 

X 

•rl 

O 

•H 


p 

X 

p 


o 

p 

p 

CD 

0 

s 

CD 

o 

P 

•H 


a 

d> 



cd 

P 

& 


i — 1 

X 

p 


d) 

X 

o 

CO 

p 

o 

cd 

X 


X 

G 



> 

>H 


CX 

d) 


p 

CO 


to 


dJ 

G 

» 

u 

co 

p 

X 

Cm 


X 

X 

P 

M 


0 

a> 

cO 

pH 

co 

o 

XJ 


DO 

P 

DO 

G 


> 

o 

CO 

G 

X 

cd 

Cd 


G 

•H 

•H 

CD 

H 

co 

cd 

T — 1 

CO 

G 


p 


o 

P 

G 

O 


<0 

a 

d> 

G 

G 

p 

o 

>> 

•H 

X 

V 

X 

to 


p 

P 

G 

o 

X 



p 

CO 

G 

•H 

X 

X 


X 


a) 

CD 

X 

p 


cd 

G 

O 

w 

to 

o0 

P 

p 

•H 

*H 

d) 

p 

• 

CX 

G 

o 

P 

CX 


to 

G 

dJ 

cx 

G 


•rl 

to 

> 

X 

O 


P 

o 

G 

CO 


P 

a 

o 

CO 


o 


cd 

CX 

• 

cd 

p 

X 

X 

<D 

cd 

p 

p 


o 

P 

H 

U 

p 

x 

o 

CO 

c0 

G 

4h 

c 

to 

0 


p 

G 

p 

X 

•H 

p 

w 

o 

cx 

DO 

o 

X 

p 


W 

4D 

CX 

CO 

o 

G 

P 

cd 


o 

a 

d> 

p 

p 

CO 

G 


p 





CD 

p 

G 

CX X 

O 

X 



o 

0) 

> 

CO 

•H 

<D 

X 

o 

to 

d) 

d) 

< 

X 

oO X 

p 

>> 

p 

o 

CO 

CD 

•rl 

g 

4-f 

CO 

a) 

X 

*rl 

CX XJ 

CD 

p 

p 


4-4 

G 


0 

CO 

cd 

G 

X 

o 

p 

G 

0 

DO 

p 

X 

b 

« 

CD 

G 

o 

a) 

P 

o 

CO 

rH 

CO 

CO 

p 


O 


G 

< 


•rl 

to 

p 

to 

H 



o 

P 

o 

to 

p 

CO 



•H 

i — 1 

>>X5 

DO 

0 

X 

o 

Jz; 

d) 

o 

0 

o 

X 


p 

G 

• 

to 


CD 

•H 

CX 

co 

P 

G 

P 

P 

G 

to 

DO 

G 

d) 

G 

P 


X 

G 

co 

X 

G 

G 

CD 

•H 

to 


CO 

p 

CO 

0 

<D 

o 

a) 


0 


•H 

•H 

X 

cd 

•H 


p 

X 


V 

o 

o 

X 

cx 

•H 

to 


P 

cd 


•H 

cx 

•H 

X! 

G 

•rl 

dJ 

X 

G 



> 

• 

p 

CD 

o 

CO 

o 

•rl 

o 

o 

to 

• 


(0 

P 

CD 

P 

O 

CO 

p 

O 

CO 

o 

4-4 

•H 

p 

G 

G 

>> 

G 

p 

> 

a 

CD 

to 

o 

X 

>> 

G 

rH 

0 

a) 

X 

CO 


to 

o 

•rl 


Cd 


CO 

X 

o 

CD 

p 

X 


p 

to 

CO 

X 

p 

CD 

X 

o 


•H 

a. 

P 

w 

G 

•rl 


P 

G 

CX 

DO 

P 

DO 

X 


•H 

CO 

• 


co 


G 


> 

cd 

•H 

!h 

P 

o 


o 

0 


O 

O 

CO 

C 

P 

♦H 

P 

to 

X 


X 

dJ 

X 


CX X 

CD 

G 

P 

U* 

to 


4-1 


•rl 

. 

0) 

•rl 


•rl 


X 

•H 

•H 

•rl 

ID 

d) 


04 

to 

o 

•rl 

X 

CO 

CO 


CD 

X) 

O 

. 

CO 

p 

G 

P 

CO 

X 

i — 1 

a> 

4-1 

to 

P 

X 

a 

p 

Eh 


co 

p 

X 

4-1 

CD 

G 

X 


a> 


p 

CO 

o 

O 

O 

CO 

d) 

X 

X 


•H 

X 

to 

cd 

d> 


CD 


Pm 

o 


o 

P 

o 

co 

c 

•rl 

4-1 

•H 

P 

•rl 

u 

CO 

•H 

X 

G 

d> 

> 

cx X 


X 

p 


to 

o 

o 

CD 


G 

G 

G 

0) 

0 


P 

CX 

iS 

G 

G 

> 

G 

O* X 

•H 

co 



p 

G 

X 



G 

X 

Pm 

OJ 

to 

O 

0 

P 

td 


cd 

QJ 

O 

4-i 

a 


> 

\ 

0 

• 


CD 

•H 

p 

p 

to 

P 


P 

> 

•H 

G 

d) 

CD 

o 

rH 

d) 

> 


P 

CO 

C 

X 

p 

G 

o 

p 

CO 

a 

X 

o 

X 

0 


W 

P 

X) 

P 

o 

rH 

> 

•rl 

CO 

rH 

X 

0 

CX 

CO 


<0 

G 

o 

a 

G 

to 

s 

o 

4-1 

G 

p 

to 

W 

G 

to 

CO 

p 

P 

o 

4h 

a 

P 

cd 

<V 


d> 

X 

p 

CO 

•H 


<D 


o 

to 


to 

o 

to 

o 

CJ 

P 

•H 

P 

cx 

*H 

P 

P 


P 

o 

a 

•H 

•H 


p 

G 

o 

X 

X 


CD 

CD 

Cp 

o 



a> 

(0 

> 

G 

G 

P 

d) 

G 

d> 

to 

CO 

a 

G 

X 

X 

cd 

ID 

p 

X 

cx 

dJ 

to 

p 

p 

p 

< 

CD 

X 

a. 

G 

X 

cd 

d> 

43 

X3 

x: 

>■> x 

G 

X 

p 

G 

p 

0) 

(D 

dJ 

<D 

X 

cd 


CD 

u 

w 

X 

H 

o 

CD 

CO 

0 

> 

p 

CO 

Eh 

to 

cd 

OO 


o 

cd 

CO 

X 

cx 

> 

X 

Eh 

X 

cd 

a 

co 

o 

H 


reduction in program content and a $0.2 million transfer due to the redistribution of ROS funds. The content 
reduction was accommodated by eliminating studies on the New Launch System (NLS) . and significantly reducing 
ongoing activities in the following areas: support of advanced development activities; ground and flight 

operations studies; reduced SPIP nozzle, bondline and verification testing work; and deferral of several 
flight experiments . 
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Additional Advanced programs activities are being considered for inclusion in the New Technology Investment 
package to be defined in June. 
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The GP-B is a unique test of Einstein’s general theory of relativity. After a lengthy period of science 
definition, technology demonstration, and design and test of prototypical components. GP-B has been judged 
to be ready to begin development for flight. Ongoing development of the Shuttle Test of Relavity Experiment 
(STORE) , an in-flight demonstration of GP-B instrument performance funded under Payload and Instrument 
Development, will continue to support the GP-B satellite development program. 
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AXAF will also examine the hot remnants of supernovas, explosive ends of stars' lives which will have be 
unobservable in other galaxies prior to AXAF; contribute to the calculation of the mass of the universe 
(since x-ray emission of interstellar medium and stellar phenomena is not correlated with visible emissf 
and study the mysterious phenomena of the x-ray burster and the diffuse x-ray background observed in the 



Finally, combining measurements of AXAF and of the microwave irradiance of galactic clusters will yield 
10 -fold increase in the precision of the Hubble constant. This constant is the mathematical factor use 
relate the observed distance of objects from the Earth to the speed at which the universe is expanding. 
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The high-energy spectroscopy mission (AXAF-S) will carry the cryogenically- cooled X-Ray Spectrometer (XRS) . 
A medium-size spacecraft and lower spatial resolution mirror assembly will be used to perform this narrow- 
band spectroscopy mission. This facility will be launched into a low-Earth orbit selected to simplify 
thermal control of the cryogenically -cooled instrument. The Marshall Space Flight Center will perform as 
the spacecraft developer for AXAF-S. 



The high, elliptical orbit of AXAF-I from which observation can be performed more efficiently, combined with 
the dedication of separate spacecraft to AXAF's critical high-resolution imaging and narrow-band 
spectroscopy missions, insure that the original science goals of AXAF remain intact. AXAF-I's grazing- 
incidence mirrors, a nested assembly of cylindrical shapes that range from .6 to 1.2 meters in diameter, 
will provide a factor of two increase in effective imaging area, eight times the angular resolution, and 
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of spin of the gyros): encased in a ultra-low magnetic - shielded . supercooled environment (requiring a 
complex process of lead -shielding* a large supercooled dewar , and a sophisticated interface among the 
instrument * s telescope, the shielded instrument probe, and the dewar); and maintained with a level of 
instantaneous pointing accuracy of 20 milliarcseconds (requiring precise star -tracking . a "drag free" 
spacecraft control system, and micro-precision thrusters) . 
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In accordance with Congressional direction, $27.0 million was provided for the GP-B/STORE program. $1. 
million has been provided for initiation of GP-B development in FY 1993, which will enable a spacecraft 
contractor selection and tests of flight gyroscopes to be conducted. The remainder has been applied to 
STORE activities which is budgeted in Payload and Instrument Development. 
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the sun to the Earth’s climate. GGS spacecraft contract award was completed in FY 1989, as was final 
confirmation and initiation of instrument development activity. Wind instruments have completed delivery; 
mechanical and electrical integration is continuing. Polar instruments are scheduled for delivery in early 
CY 1993. Wind is scheduled for launch in February 1994; Polar launch is scheduled for Hay 1994. 
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The Tethered Satellite System (TSS) was flown aboard the shuttle in July-August 1992. The TSS 
program was an international cooperative project with the Italian government. Data analysis a 
related to TSS science instruments provided by the U.S. will cease after FY 1993. 



Funding for Astrophysics payloads supports development of several instruments designed for flight on the 
Space Shuttle, including the Orbiting and Retrievable Far and Extreme Ultraviolet Spectrometer (ORFEUS) and 
Interstellar Medium Absorption Profile Spectrograph (IMAPS) , to be flown on the German-U.S. Shuttle Pallet 
Satellite (SPAS, 1993); ASTRO-2 (1994), a reflight of the ultraviolet portion of the ASTRO-1 (1990) mission; 
and the Infrared Telescope in Space (IRTS, 1995), a joint U. S . -Japanese mission which will be launched on an 
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Under Astrophysics payloads. FY 1994 funding will support data analysis of the 1993 DXS Shuttle payload 
mission. Support is also provided in FY 1994 for ASTRO- 2 Shuttle payload development and conduct of science 
activities for the 1994 mission. Preparation for the Japanese XRTS mission, which will be returned by the 
Shuttle in 1995. will also be underway. 


Payloads for other U.S. and international missions scheduled to be under development in FY 1994 include the 
HETE and SXG missions, both scheduled for launch in FY 1995. Support will also be provided in FY 1994 for 
the ISO mission and for ongoing preparation for the Japanese and Russian radio astronomy missions. Early 
component design and fabrication will continue for the XMM mission. 
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Development activities on the XTE mission will continue in preparation for launch in 1996. Following 
Critical Design Review (CDR) which will occur in spring 1993. instruments and spacecraft components will be 
integrated onto the observatory throughout 1994. 



The ACE will transition from mission definition to development in FY 1994. Initial design and fabrication 
of instruments and spacecraft subsystems will commence, leading to a CDR scheduled for late FY 199 

Development activities, including integration, test and launch preparation for the FAST and SWAS missions 
will continue in FY 1994 in preparation for launches in 1^94 and 1995. respectively. 


3 


-20 




(U 

o 

o 

o 

o 

o 

o 


P 

p 

o 

o 

o 

o 

o 

o 


OJ 

3 

md 

<N 

m 

m 

<r 

CM 

O' 

DO 

8 


• 

> 

- 

- 

• 

O' 

*3 


1 — 1 

CM 

00 

<r 

O' 

vO 

T— 1 

3 

p 

rH 

CM 

CO 

00 

uo 

r-t 


PQ 

to 


CM 




<r 



W 








co 

M 

CO 

>* 

•J 

< 

< 

E-» 

< 

O 



0) 

/- — x 

O 

vO 

r^ 

00 

<r 

in 

p 

p 

3 

O 

r^ 

in 

1 o 

OO 

00 

G 

3 

P 

O' 

M0 

cn 

CM 

i—i 

m 

<u 

8 

3 

* 

* 

* 

• 

* 

* 

p 

•H 

i — 1 


X> 

CM 

00 

m 

in 

p 

p 

iH 

H 

i — I 

<r 

CO 

m 

tH 

3 

to 

O 


CM 




■<r 

a 

W 

Q 








a 


4 h 

o 


3 

XJ 



3 

G 

3 

O 

o 

O 

O 

o 

o 

p 

p 

W 

O 

o 

O 

o 

o 

o 

3 

3 

3 

O' 

CM 

CO 

in 

o 

O' 

oO 

8 

O 

• 

- 

• 

• 

* 

* 

"3 

•H 

,G 



CM 

o 

O' 

o 

3 

p 

H 

T— 1 

r— < 

-4 1 

o 

M0 


PQ 

to 

> ' 


CM 


T— 1 




o 

5 


=i — 

. - — , to 

§ 

1992 

rH 

3 

3 

300 

700 

O 

o 

o 

,300 

.900 

o 

o 

CM 


M 

Eh 

P 

o 

CO 


v£> 

in 

CM 

m 




< 


O 

CM 

CO 

00 

<r 

r- 

CO 


W 

Cb 

O 


00 

00 


H 

Z 

W 

* 

s 

M 

s 

s 

o 

z 


xl 


a 


:m 

1*4 


1*4 

o 

oo 

w 

00 

< 

PQ 






3 









•H 









3 







3 









G 


H 



3 




O 


3 

3 


G 




’H 


G 

G 


o 




P 


3 

O 


•H 




3 



*H 


P 


xJ 


P 


3 

P 


3 


G 


3 


P 

3 


P 


3 


Cb 


3 

P 


3 




O 


X5 

3 


Cb 


to 





Cb 


O 


G 


3 


3 

O 




O 


Cb 


Cb 



c 


•H 


O 


O 

G 

3 

o 

3 

P 


U 


U 

o 

■H 

*H 

•H 

3 


3 


3 

•H 

3 

3 

3 

P 


3 


3 

3 

>> 

3 

>> 

3 

CO 

rH 

00 ' — l 

3 

rH 

*H 

T 1 

Cb 

•H 

3 

G 

3 

•H 

3 

0 

3 


O 3 P -H P 0 G G 
o 3 3 3 

C rH 0) -H 3 W O 

onjo>uocd-Hcd 
•HC3P3-HP3P 

3 W W W Si) ^ Tj 


•H 

3 




z: 

Cb 

0 

P 

3 

xJ 

3 

Cb XJ 

xl 

3 

i — 1 

G 

r — 1 

O G 

3 G 

1*4 

X) 

X 1 

3 

rP 

P 3 

U 3 

<; 





P 

3 

X 


G 


G 

3 

Cb 

< 


K 


Z 

< 

C/) 


3 

P 

O 

H 


3 

'O 4-1 
C o 
G 

4-1 P 
O 

3 ^ 
P XJ 
G C 
o 

•H <J 
P 

P 3 
3 JC 
*H P 
XJ 

XJ 
X> g 
G 3 
3 

3 

w P 
G cd 
O X> 
•H 

P a) 

cd p 

P -H 
0) «— I 

a. th 
o 3 

p 
3 cd 
P CO 
*H 

?-H 4-1 
H O 
<U 

P to 
cd *H 

to to 
X 

<1 r— * 
oo cd 
< G 
S td 

p a) 
o x: 
G *J 

XJ 

C n 

O O 
a 4-i 


3 


p 



3 

p 

• 

p 

3 


P 

*H 

3 

o 

XX 


G 

i— 1 

3 3 

Cb 

p 

C 

3 

t— 1 

- P 

Cb 



0 

3 

■<! *H 

G 

p 


3 3 

P 

CO tH 

3 

p 

• 

P 

3 

<1 iH 

4-i 

o 

G 

•rl >> 

3 

Z 3 

O DO 

Cb 

o 

G 


P 

G 

Cb 

♦H 

CT* 

< 

3 

3 -H 

G 

P 

3 X? 

CO 

• 3 

4-1 a 

3 

3 

P 3 

< 

3 

•rl *rl 


P 

P 

z 

3 C 

rH > 

O 

3 

xJ P 


a co 

P 

P 

Cb 

3 O 


o to 
P 6 
cd 

■g u 
3 do 


cu 

P p 

cd *c 
DO 
e -h 

Cd rH 

P 4-1 
DO 

O < 
p co 

Co < 


P «H 

o > 

4-1 P 
<D 

10 CO 
G 

O 3 
«H CO 

p cd 
cd 

p 

cd cd 
cu P 
a) cd 
p xj 

Cb 

XJ 

p a 
z: cd 
DO 

•H O0 
rH G 
4-1 ‘H 
* > 
a> »h 
p ,c 

Cb u 

p 

o cd 
p 

cd 

XJ p 
a) cd 
•H xJ 
H 

Cb 8 
Cb P 
Cd <D 
P 

o • 
to DO 
' — I G 
cd o 

iH 

to 

*H P 
O 

DO 4-1 
C 

•H XJ 
XJ G 
c cd 
G 

Pm 

3 
<0 
• *H 
CO P 
0 *H 


OJ OJ 

Z fH CO 

4-1 (d 00 

o to J 

G 


c 

•H 

o 
(1) oO 


G 

O 


o x: 

•H P 
to 

to P 
•h 3 
0 P 
4-< Cb 
a) cd Cb 
P 3 

o cd to 
o P 
cd 

3 nd 
X 

P 4-1 XJ 
o 3 
4-« 

O W 
•H 

a> to 3 
u X p 

G rH 3 
cd cd 
& C > 
p cd p 


p 

p 

o 


o 

p 


to 

3 


4-1 DO DO 
P G CU 
3 -h p 
C b o cd 
DO O 

a) c 
x: o 


CO 

p -H 

p ,c 
DO o P 
G 4-i 

•H 8 

p xJ o 
3 G P 
xJ 3 4-i 


to - 
G P 
O 4-1 
•H Cd 
p 
o 
0) 


cd 

p . 
a) o 
a. cd 


to 

xJ 

G 

3 

4-1 


8 P O ‘ 

cd to o a) 


o to Cd rH 
C Cb 4-i 
cd *3 CO 
> G Cm 
cd »h <! 


XJ 

< 


DO p cu 


Cb 

to 


c ^ 

O H 
•H 00 

p x 


8 cd <i 
a) 3 ,G 
P W T3 
tO P G 
>>3 3 
to £ 


x: 

p 


is 

O 

CJ P 

XJ 

XJ 


4-t 

i — 1 

P 



3 

P 

3 *H 

3 

XJ 

3 


O 

3 

3 


«H G 

Cb 

rH 

P 

3 

Cb 

00 

P 


rH 


,G -H 


3 rH 

a 


O 

G 

P 

XJ 

3 


p 

x: 

•H 3 

3 

G 

O 

•rl 

G 

3 

a 

• 

3 

o 

3 P 

rH 

w 

3 

XJ 

O 

p 

3 

p 

C P 

p 

X 3 

3 


3 

G 

a 

3 

Cb 

3 

*H G 

3 

i — 1 3 

3 


r— 1 

G 


a 

CO 

P 

3 

3 

3 


• 

3 

4-i 

XJ 

o 


G 


<C Cb 
00 *H 


(U CJ 



s 


>> <H 

P O 

P P 

© x <i> p 

0 DO X © 

©•HP© 

H H r*> 

© Ph 

© P >n © 

O ©Ur-1 

c 00 O O 00 

© c © P G P 

•H »rl CX © © © 

o *d w > w > 

w d p o 

H T) d! 

Eh a P W © 

W C fl) ^ c c 

-H © o M © 

© 

P * O © 

GW OX -0 
© G PH© 

© O P 00 P 

G -H © P EC oO 

© P O O 

CX © P 4h © P 

© u x X cx 

© © oO >> P 

G CX © P H 

© O W 'H ‘H W 

i i— I O X 

G © C © 

CO p O X W © 

*rl © G rG 

H © W O P 

oOtH © G © 

3 © 0 O P P 

O P P CX © © 

P © O W P © 

X CO 4h © © G 

p p P Cx G 

© O 

p ■ CX © © 

G <1 © a © 

o 00 W G *rl -M 

< © O © P 

T) 2 © © O 

© - 4J +J CX 

•HGC©Ga 
M +j O P © G 

P © *H © © W 

© > p CX O 

O CX O W © 

P © P 

© O P W © © 

p © O G X 

© P tO © P W 

•MG© P 

0) G © P W W 

G O P © © © 

O O P P © P 

© G G 

P 0 © <1 © © 

© P P 00 © © 

P © © <J X <-> 

© P © ^ O 

CX > to 

O 00 © © o 

G o © © O 

© O G © G m 

<j h <n i: © 

C ©5 P 

© © O • © 

© t0 CO > 

U P • © O 

W © © P oO 

© © O © 4h • 

r-v G *H © C O © 


Eh G P P © 


X W G G 

©‘HO 


HP 0 W © 

G G © S-* 


O - *H O 
O W P O 


DO 






W 


G 




o 

o 

O 


•H 

P 



p 

w 

•H 


a 

4h © 

O 



rH 

to 

G 

•H 

O P 

> 


p 

© 

© >> 

O 

> 

P 

P 


X 


a X 

P 

p 

to -H 



DO 

CO 

© cx 

CX 

© 

© *0 

4h 

'O 

G 

•H 

ex o 

B 

W 

•H 

O 

© G 

O 


C/5 P 

o 


© P H © O C 0 G 

PGCO©WO©WDO 
G O K *H H -H P G C 

© © X < P W © © 


P © X W 


© DO P © 
O G to CX 
10 © P © 


•H H rl P G C W -H 

X < P W © © P P 

© © G G © 

CX © W O G © P 


P © G © 


X © U P © t>0 © O CX 

05 O 4-1 OP C T) CX CX O 
p tJ P W © G 0 

©©©©PG©©©0© 
G X © *H © G © O G 


4h © P © 0 © S © G 

o 4-< © a o > p o 

© - >> X G G O © P 

W 0 ( 0 © P P © ©PrG oO 
p G o © © © CX P 

G © On © 0 ^ - G OB 

®G©>©XWGO © 
0© OP 0 *t3 P 4-1 P 

© p p P ex'© © © O to 

OG©P © p P P >y 

G © X <U P W ©PtO 

©©0©Xo>,©©G f 

rG0©G4-*©WP>>©4-< 

G a© p X o 0 o 

©p© 4h p G P X Cx 

©QPOOWWUOCX 

(1) o O O ©©r-H© 


P P G © G *-4 

G O M •«-> O © © 


© © © © 
P © © © 

> X 


P I X©XPO©©CX 

GG OP © P © © G 
4-1 O • © © > W 

U)4JU©©WGP© 
PWPGP©CO© OG 
O © © © © > © 4-< © 


4h P © © X 
© 4h © W 


© 4h © 
O P 

W © © G 
G O 


to G >> >^ GO 

•H © © (fl o tj to © © 

W©©rG©PG©T3 P 
a jL 4 ii-».poP©©GW© 
X) -H © DO © G G U 

W >> © P < © f* O © 


W >> © P 
aj.HPP©P p -H 4-1 

Xl©OrG©©tO tO *H 

a) h > ij an o c - toxJ 

©WWO©*HtO*HO 

© 05 CX P 0 0 


> * to - _ . 

0©-P PtO rOOoOoO 
XI ^ G -H ©G pGG 
CX rO © i—l © -H © 1 — i O *rl *H 

©0-HGP©^ O O 
'0©G> T OOCX*HG*H O0 
GOP P O > O > G 

©*HPG©©P *H P O 
>©OrH>G -10© 

©PG-H^OPW0WW 
4h © 'H 10 © © © *H 

•H 05 O3MW©P0©H 
f-H O >H -H ,0 G <0 P W 

©•H 0 © OP >->OOGX 
rH ,0 4-» > W G P 

© -H 05 © © £>-» -H G 4-« 

G OP-H CXIrO 00O4-J O 
OPGXGP G *H 


© 

05 P O 


CX p 0 0 

CO © G 

rQ O oO 00 

G O G G 


•rl © 
P © 'H 
© © O 

p G to 
© oO 


no -H > P >> 
G G © W P O P 

© 0*0 05 © 4-i -P 

© -H © 05 rH 


© 

© 



G 

•H 

© 

W 

X 


o 

ex 

p 

C 

© 

© 

> 

p 

P 


to 

4h 

o 

© 

© 

p 

i — 4 

•H 


•H 

to 

0 

P 

o 

ex 


© 

CX 

P 

to 


•H 

© 

© 

CO 

o 

• 

p 


a 

G 



p 

ex 

© 


w 

© 

© 

© 

o 

G 

H 

w 

© 

rH 

X 

c 

ex 

p 


•H 

© 

00 


© 

o 

o 

© 

G 

© 

P 

p 

X 

w 

X 


© > © P P 


*H P > 


CX © CX G 
CO P O G 


p © tO - © 

© *© G w to 
CX G W G XI 


O o 

© -H 


©O0 »©rO05>O 05 *H 

a-H T) (1) POOPPXi 
OtOG0©OPPXG© 
©©P> ©CXCX©©-H 
0) -© O © 4-« G0’H 

p W4-»rG4-403© G© 
-HIO0P ©>s,P©PP 
♦H © © X ©©XP 

•o PCXOrHP'OPtO© 

GE-«to *ri © P GX 

©CO >,©x 0 © ©rH-HP 

p X to X > P -H A 

^ X5 © P •© P 4-4 O 

© -GO©X©GGOP 
05tOP CX P i — I © G 
O © O O P »H 

+j-HP050>>050505G © 

p 4-4 ’H 05 X © G © o 
P-H© © -GCXO0-H 


© G © O 

-G CX O 0 -H © 


© P P P O P O 

tH -H X © G © O 

rQ P DO P © P O 

,Q to *H C *rl © * 

G G H © o CX m 

X H 4-4 U CO O rH 


X5 05 G 
G © © o 


G ^ 
-I o 

© *H <N 

G P 
O © 'O 
•H CX G 
P -H © 


G © 
4h G X 
O P 


>> G> 

-O © X W 
© > CX — 

P -H O 
U 4-i P P 
O P © 
CX • tfl P 
D« < O 


P © 
© CX CX 
X G 
P G to 
O 

X to to 


5s oO © D 

O 

>> P to © 
X CX O 0 
•H © 

P to to p 

P *H >> P 

© to XX 
ex >> cx w 


p © 

© 

G >> > 

© XJ P 
© © >> © 
> rH © 

P © > G 
© DO P G 
X G 
P to to 
10 G -rl 


to 

k~. 

*H 


© 

o 


W 


P 

o 

O 

© 

o 

X 


CJ 


© 

G 

•H 

fH 

© 


o 

•H 


oO 


rX 

to 

•H 

W 

© 

p 

P 


G 


X 

P 

© 


G 

w 

P 

to 

G 

G 

© 

P 

P 

© 


© 

© 

P 

G 

•H 

1 

u 

>> 

O 

» — 4 

p 

© 

© 

Cx 



0 

G 

*H 

W 

© 

© 

x 

•H 

O 

G 

CX 

oO 

© 


© 

P 

P 

X 

© 

T"» 

cx 

to 

G 

H 


© 

© 


G 

o 

© 

p 

P 

© 

X 

O 

to 

*H 


. 

>> 



© 

4h 

G 

© 

© 


o 

P 

•H 


© 

CO 

O 

© 



G 


P 



P 

0 

to 

X 


> 

X 


o 

•H 

© 

X 

to 


a 

w 

G 

p 

G> 


P 


•H 


X 

p 



•H 

<: 

»H 

o 



© 



P 

© 

P 


p 


4h 


© 

•H 

• 

© 

X 

• 


© 

G 



w 

• 

•H 

© 

G 

W 

/—s 

G 

p 

r- s 


DO 

a 1 © 

X 

© 

G 

O 

x 

o 

to 

04 

© 


04 

• 

P 

•H 

C 


p 

G 

© 

p 

■H 

♦H 

ON 

© 

CT* 

y-N 

© 

G 

© 

© 

p 

W 

CX 


P 

0 

ON 

. 

© 

On 

m 

G 

G 


© 

o 

© 

to 

p 

© 

rH 


G 

i-H 


© 


- 

X 

X 

4h 

© 

P 

W 


<ys 

r— 1 

Nw/ 

ON 


© 

© 

p 

© 

X 

r© 

© 

O 


CO 

O 


f— ! 

P 

© 

> 

o 

p 

O 

G 

CX 

•H 

w 

o> 

G 

X 


to 

•H 

o 

to 

X 

4h 


G 

O 

to 

> 

rH 

•H 

u 

• 

o 

> 

G 

X 

p 

G 

r\ 


G 

© 


© 

P 

0 

4h 


w 

P 

ex 

to 

p 


Cx 

© 


P 

© 

•H 

© 

0 


G 

. 

X 

P 

W -r-> 

© 

© 

0 

P 

o 

O 

© 

© 

W 

O 

a oj 

© 

o 


to 

a 

to 

P 

© 


© 

•H On 

Oui 

G 

to 




P 

p 

P 

ex 

CO ON 


© 

•H 

G 

© 

© 

© 

p 

© 

X 

>1 rH 

oO 

o 

X 

O 

X 


u 

o 

© 

W 

X — 

c 

p 

p 

P 


© 


cx 

o 


ex 

•H 

Cx 


P 

o 

P 


ex 

•H 

© 

© 

P 


G 

G 

p 

© 

. 

G 

> 

G 

© H 

O 

© 

O 

© 



to 

w 

© 

G 

O © 

P 

P 


G 

© 

< 

0 


P 

O 

© P 

•H 

© 

W 


© 

OO 

© 

© 

P 

P 

CX o 

G 


P 

- 

> 

< 

p 

p 

© 

oO 00 © 

O 

X 

G 

W 

© 


■HO © 
tO I* • P 
tO O W © 


O © © 

*H B rH 
X G O 
> P X 
p 

- to X 
to G o 

>> M © 
© rH 


© © * 

0 P W 
0 G © 

© P -H • 
oO © X 0) 
G © P 
03 rH 0} 

© C © P 
P -H DO G 
G X 

to oO © 

© G > >> 
© *H *H © 
0 P P P 


ex 

o 

O *H 
•H B 

O £> 

^ M 

CO 

P 


>> 

p 

G 

o 

© 

© 

© 

P 

' 

G 

© 

rH 

P 

o 


0 

© 

© © 


© 

© 

ON 

o 

a 

- 

0 

> 

P © 

p p 

oO 

G 

On 

p 

o 

w 

© 

© 

© G 

o © 

p 

O 

fH 

© 


p 

DO 

© 

ex o 

p p 

G 

•H 


> 

to 

© 



M Tl VU W V * — IH ▼ 

©rH P C H Tj © O-H CXP 6 

•G*HOO©©*HOPO-HP 
U X! © *H P O 4-4 05 ©X P O 

0©00) G *H O P © O 4-1 

CX©05©'G'GP©> P 

G ©cx-hxg o >> a a) © © 

MOO 50 P-H 0 DO O T) X CX 


P © 0) O 

© 05 © -H 

03 05 G 0 
X © cG to 
O U O 
O G <J 
G p *n 


an c o 

0 © *H *H 
O O P P 
O -H P © 
05 G P 
© >, U to 
X X O >> 
H CX O 0 


>> G >> P 
tH -H P © 
(1) T) 'H DO 

P G G H 

©©•HP 

*— I p o to 
CX to -H © 
0 P > > 


■H 

o g ex 

P -H O 

a 

to w 


•H X G © 
rH P © CX 
<V P CO 
X t) rt 
rH CX -o 

© o to © 

U X G rH 
G © ’H 
O W P © 
X P P 
to P © 
X oO T) T3 
P G G 
DO © © -G 


t-H > o 

© © X • 

> > 

© 4-4 © 

> © O P 


X O 
rX P X a 
to © G 
X to 
© to *H 
X G X 
P O © to 
•H O X 
DO P O P 
C © rH G 
•H > t O 

>> P 0 
t3 © © 
GW X 
P X oO -H 
W O G W 


G> P O © 
W W P rH 


CO 

CN 


0> 

u 





. 

DO 










<D 

>> 


c 

g 




CJ 

to 

G 


* 


P 


• 




p 


o 

o 




•H 

c 



to 


cd 


• 




X 

X 






CD 

CX 

o 



p 

o 

rH 


CO 




p 

to 


p 

0) 



X! 

O 

•H 

to 


<D 

•rl 

O 


• 




4h 

p 


10 ' 

xJ 



H 

O 

DO 



C 

P 

CO 


D 




CD 


td 

•H 




to 

CD 

G 

OJ 

cd 

o 



DO 




O 

> 


a> 

to 


CD 


o 

P 

CD 

P 

rH 

cd 

rH 






X 


H 

P 


x 

• 

p 


CD 

td 

CX rH 

td 


G 




P 

G 



g 


H 

x 

p 

P 

X 



cd 

G 


•H 




P 

G 


p 

o 



p 

o 

fd 


rH 

CD 

DO 

o 


XJ 




td 



CD 




p 

0) 

rH 

DO 

rH 

X 


•H 


G 




cx 

O 


to 


• 

cd 

CX 

o 

G 


p 

XJ 

P 


•H 




to 

P 


4-1 

a> 


P 

w 

to 

CX 

*H 

xJ 


G 

cd 


a 






O 

a 


m 



> 

G 

XJ 

cd 

(3 


d 




cd 

P 



p 


cd 

CD 

XJ 

to 

cd 

td 

G 


p 


•H 




to 

P 


cd 

G 


p 

x 

G 

_ 

X 


O 

* 

CD 






o 


o 

o 


o 

p 

td 

G 


o 

>> 

to 

P 


• 

XJ 



•H 

cx 


co 

to 


CD 



G 

• 

rH 

CD 

>> 

G 


0 

G 



to 

cx 





O 

O 

>-, 

to 

CD 


X 

td 

H 


cd 

td 



>> 

G 


p 

00 


cd 

p 

cd 


XJ 

P 


p 



p 




X 

to 


G 

c 


CX 


p 

CD 

3 

<D 

rH 


CD 


oO 

• 



td 



10 

•H 


to 

p 

i 

XI 

p 

CD 

CD 

a 

> 


o 

0 



G 

G 


> 



G 

X 

P 

■H 

G 

> 

•H 

•H 


p 

cd 



cd 

X 


V 

P 


Ip 

CX 



P 

O 

cd 

0 

P 


cx 

p 



td 



x: 

(U 


cd 

G 

p 


td 

*H 

p 

to 

td 



DO 



G 


p 

CO 


G 

X 

0) 

xJ 

rH 

Oh 

p 

o 

p 


< 

o 



p 

o 



x> 


o 


X 

G 




o 

CD 


a 

p 



cd 

X 


c 

o 


•H 

X* 

p 

P 

O 

XJ 



cx 



cx 



XJ 

p 


o 



P 

C 

cd 

to 

•H 

C 

CD 

to 

o 


O 





o 





cd 

•H 

DO 


x: 

cd 

X 

G 

o 


£ 

X 



XJ 

G 


to 

Xi 


p 

> 


o 

CX 


P 

o 

o 



cd 



C 

X 


4-» 



<D 


o 

p 

Cd 

CM 


rH 




rH 



cd 

CD 


c 



<X 

P 

p 


p 


to 

td 

CD 


0 

a) 



to 

p 


<D 

c 


o 

cd 


>> 

DO XJ 

to 

0 

X 


o 

u 





> 

cd 



H 

DO 

cd 

o 

G 


o 

p 


G 

cd 



c 

p 


a> 

0 


<x 

O 

G 

> 

•H 

cd 

CD 

G 

4h 


O 

cx 



o 

o 



o 

to 

•H 


rH 


o 

cd 

• — i 

P 

CO 



•H 

’X 


a) 

x> 



G 

to 

CD 

i—l 

cd 


O 

•H 

P 




P 

cd 


> 

<1> 


p 

4h 

G 

p 

XI 


CX 

• 


cd 

to 

CD 



td 

0 


■rl 

to 


CD 

O 

•H 

•H 


p 

to 

to 

P 

P 

< 

rH 



p 

td 


CO 

•H 


Xi 


P 


4h 

Q) 


CD 

P 

o 


P 



CD 


o 

P 


a 

0) 

G 

G 

O 

DO 

p 

rH 

fd 

p 

XJ 

P 



cx 

to 


X 

a* 


G 

P 

O 

O 


fd 

cd 

a 

cx 

CD 

G 

G 



o 


CX 

p 


G 

G 

u 


G 

l>> rH 

*H 


G 

td 

X 



CD 

td 


x 

g 



to 


to 

O 

O 

rH 

p 

P 

00 


CO 



> 


<d 

to 


cd 

td 

to 

•H 

•H 

> 

CD 

p 

to 

td 

to 




P 




(D 

X 


P 


P 

cd 

p 

0 

o 

CD 



•H 

p 


p 

to 


a 

0 


to 

O 


to 

cx 

•H 


•rl 

X 



X 

o 


o 

<d 


o 

» 

<D 

G 

• 

P 


4h 

to 

to 

P 



X 

cd 



x 


p 

X 

CD 

10 

G 

P 

CD 

a 


• 





a> 

cx 


c 



4h 

rH 

CO 

to 

4-i 

CD 

P 

•H 

CD 

X 

X 

P 



p 

0 


CO 

• 


c 

CD 

>> 


P 

C 

P 

X 

p 

CL, 

CD 



<d 

X 


cd 

to 


X? 

O 

G 

i — 1 

(0 

•H 

*H 

CD 

P 

p 


XJ 



to 



p 

cd 


o 


cd 

G) 


CX 


DO 


td 

CD 

G 



to 

G 


cd 

oo 


> 

CD 

CX 


to 

G 

X 

P 

to 

W 

X 

G 



X 


x 



X 

x 

cd 


cd 

■“> 

P 

CD 

•rH 

<D 

P 




o 

td 


m 

oO 


CD 

p 

*-> 

* 



■H 

G 



xJ 



•H 

0 


c 

c 


O 



to 

XJ 

4h 

£ 

CD 

X 

X 

P 

a> 



to 

CD 



•H 


<D 

to 

CD 

C 

C 

O 



CJ 

P 

CD 

p 



>> 



P 


p 

CD 

X 

o 

♦H 


>> 

P 

•H 


XJ 

•H 



X 

X 


0) 

g 



XJ 

p 

•H 

> 


P 

cd 

X 

DO 

G 

X 



cx 

H 


P 

o 


cd 

X 


P 


P 

cd 

i — i 

> 

G 

G 

P 



o 



tu 

to 


p 

> 

X 

cd 

P 

►H 

X 

o 


•H 


O 

• 


p 



> 

XI 


cd 

O 

P 

iH 

td 

> 

G 

to 

p 

>> 

xJ 


to 


p 

• 


o 

o 


XJ 

P 


rH 

i — i 

td 

G 


4h 

XJ 

CD 

to 

0 


to 

G 


cj 




CX 

> 

•H 

o 

p 

o 

4-i 

cd 

G 

XJ 

xJ 

cd 


cd 

O 


to 

a) 


G 


o 

to 

DO x 

O 

p 

P 

G 

cd 

p 



•rl 


X 

x 


O 

^ 

0 

to 





u 

to 

X 

o 

oO 


o 

P 


XJ 

p 



CX| 

td 

O 

X? 

CD 

o 

G 

CD 


o 

X 

o 


p 

O 






p 


G 

X 

•H 

o 

o 

to 

G 

X 

p 



G 


a> 

a> 


rH 

HH 

DO X? 

td 

P 

P 

*H 

cd 

♦H 

•rl 

cd 

cx 

W 

X 

X 



■p 


CD 

Vw/ 

o 

G 



CD 

P 

cx 



cx 


a> 

CD 


*H 

*rl 


p 


p 

CO 

0 

>> X 

•H 

to 

* 

o 


X 



p 


X 

cx 



B 

CX 


G 

X 

CX 

to 


0 

to 

* 

cd 

< 

X 



i — 1 

to 


to 

P 


» 

’H 


CO 

O 

CD 

cd 

1 — 1 

to 

G 

X 

CX X 


0) 

cd 


CD 

o 

CD 

CD 

X? 

o 

O 

CX 

to 

p 

cd 

CD 

O 

M 

cx 

cd 


P 

XJ 


•H 

cp 

> 

O 

CD 

•H 

•H 

0 

a) 

DO 


P 

X 

Eh 

cd 

p 


td 



P 

p 


G 

0 

P 

i — t 

O 

G 

o 

to 

■rl 

p 

CO 


a> 


to 

* 


•H 

td 

P 

td 

CX 

CD 

o 

cd 

p 

•H 

’ — I 

cd 

W 

to 

c 


XJ 


> 

X 

cd 

•H 

>> 

*H 

X 


cx 

cx 


X 

G 


td 

ID 


0) 

C 


•H 

CX 

p 

X> 

P 

rH 


CD 

td 


to 

CD 

p 

Eh 

> 

oO 


*G 

cd 


P 


<D 

td 

to 

O 

CD 

X 



c 

P 

<D 

W 




p 


O 

oO 

CX 

p 

P 

OJ 

X 

p 


cx, 

o 

cd 

P 

u> 

G 

X 



p 


td 

G 

O 

p 

CD 


P 


cd 

H 

•rl 

to 

G 

Q 

O 

td 


. 

cd 



*H 

O 

•H 

G 

CD 


DO 

CO 

CO 


•H 

G> 

X 

G 


c 

p 


x 

P 

CJ 


cd 

X 

P 

c 

• 

M 

to 

XJ 


PQ 

P 

o 


o 

to 


u 

O 


• 

* — i 

P 

o 

■H 

i — ( 


•H 

CD 

G 


u 

X 


«H 


p 

P 

td 

to 

CX 


4-i 

P 

•H 


0 

X 

•H 

CO 

G 

to 


P 

p 


td 

■H 


CD 

p 

4h 


G 

cd 

to 


a 


a 

X 

to 


cd 

a> 


(D 

G 

• 

P 

0) 

O 

X 

to 

p 

o 

<D 

G 

G 

a\ 

CD 

CD 


p 

i— i 


to 

o 

p 

to 

p 


o 

cd 

o 

•rl 

p 

G 

O 


P 

P 


cd 

o 


CD 

£ 

4h 

rH 

c 

CD 

o 

CD 

<D 

to 

G 

cd 

•H 



DO 


CX 

, X 


P 


cd 

4-i 

•H 

G 

I— 1 

0 

O 


P 

X 

P 

>H 

C 

C 


O 

> 




p 



<0 




X 

G 


cd 

PH 

o 

o 



cd 


to 

p 

o 

P 

CD 

rH 

o 

to 


Oh 

4h 

XJ 

cx 


X 

V 


to 

p 


O 

cd 

<D 

to 

X 

CX 

, p 

*H 

• 



G 

X 

« 

X 


to 

4-> 

P 


X 

p 

o 

i — j 

P 




to 

rH 

P 

cd 

o 

o 

X 

c 

X 

X 


to 

CD 

td 

o 


CD 

DO X 

>> 

td 

O 


X 

os 

X 

o 

P 


G 


> 

■ c 

CX 

, to 

oOX 

G 

W 

cd 

*H 

4h 

XJ 

p 

tn 

0 

X 

CD 

c 



X 

td 

w 


G 

P 

•H 

Oh 

p 

P 


CD 

p 



X 

X 

*H 

CD 

. 

Ol, 

rH 


G 

*H 


G 

V 


P 

P 

cx 

cd 

CO 

LO 

X 

O 


a 

I>> 


CX X 

o 

P 

4h 

G 

<* 

o 

to 

P 

o 

cx 

w 

• 

•H 

P 


> 0) 

X 

CD 

P 

o 


G 

O 

♦H 

CO 

•H 

CD 

0 

X 


o 

CN 

0 

cd 

H 

p 

td 

o 

CD 

X 

fd 

to 


P 


0 

P 

CL 

. CD 

• 

X 

rH 


<D 

P 

p 

i — i 

cd 

P 

X 

P 

cd 

P 

G 

a) 

to 

P 

CX > 

CO 

< 

</> 

o 

to 

cd 

X 

cd 

cx G 

o 

cd 

0) 

G 

O 

X 

o 

(D 

G 

OJ 

» 

w 


CN 

CD 

w 

cd 

oO 

CO 

M 

>-* 

XJ 

0 

o 

o 

H 

a 


CO 

XJ 

G> 

u 

< 

</> 

P 


O 


Cd 





CD 

fd o 




U 

x x 

4h 



td 

p 

O 


w 

cx 

X G 



G 

CO 

G X 

G 


O 


cd x 

O 


X 

0 

p 

•H 

CD 

p 

o 

* p 

P 

> 

td 

p 

DO 10 

td 

X 

> 

4h 

G X 

G 

P 



X x 

X 

u 

G 

X 

O CD 

0 

C 

•H 

CD 

X P 

p 



P 

> 

CD 

X 

G 

P 

P CD 

P 

G 

O 

CD 

CD X 


cd 

X 

4h 

to P 

X 


p 

to 


CD 

/ — s 

td 

G 

- O 

G 

w 

cx 

td 

to P 

G 

Q 

X 

p 

G 

cd 


o 

p 

o a> 

X 


•H 

» 

•rl G 

cx 

P 

P 

to 0 

P X 


i cd P n3 cd cd 

G p td > u PC 

td O CX DO 0)0 

X X CO CX 

p CX P O P O O 
. X O X CX £ 

P W 4h X H 


CD 



X 

p 

CO 

to 

X 

to 

DO 

X 

td 

X 

o 

X 

o 

G 

0 

X 


X 

p 

X 

X 


p 

o 

to 

<d 

0 

X 

00 


p 


0) 

cd 

c 

• 

G 


X 


c 

G 

00 

•H 

OJ 

Oh 

G 

>> 

</> 


to 


X 

Q 



to 

<d 

ID 




p 

CD 

CD 

a 

X 

X 

• 

CD 

oO 

p 

Cd 

a) 

G 

to 

X 

G 

o 

cx 

p 

td 

X 

p 

cd 

c 

CO 

X 


to 

o 

X 

*H 


G 

» 

>> 

c 

o 


X 

to 

to 

X 

< 


G 

G 

CD 

G 

fd 


<D 

o 

fd 

P 

O 

G 


X 

X 



X 

td 

• 

G 

1 — 1 

to 

to 

p 


X 

X 

X 

o 

0 

cd 

td 

OJ 

CD 

X 

X 

cd 

p 

p 

p 

X 

0 

to 

p 

CD 

td 

td 

O 


>> 

DO 

cx x 

G 

to 

vO 

X 

o 

o 


X 



cx 

p 


^ N 

0 

X 

CM 

o 

cx 

CD 

w 

X 

(J 

</> 

p 


C H X C P 

W *H Pu <1) 3 td W 

o p £ td C 

X G C o X >> oO 
t0 O x — ' CO XI O C 

P X O P H 

x p td p p xj 

CX 0) 0) 0) G 

W P tO 0) M tO 2 

CD O O td G 4h cd 4 h 

a M X > XJ 4 h 0) 


cd 

w 

CX 



O P 


cx 


X 

to 

P 

o 

CO 

to 

P 

w 

CD 

C 

G 

O 


CD 


X 

CD 

X X 

X 

o 

P 

CD 

P 

0 

1 — 1 

K ' 

p 

O 

o 

•H 

CX 

cd G 



' — 1 

cd 

> 

o 

x o 

P 

G 

CX 

p 

X 

X 

P X 

P 

o 

X 

Eh 

P 

CD 

P X 

o 

•H 

w 


o 

> 

td x 

cx 

P 


CD 

td 

CD 

cx X 

cx 

CJ 

>> X 


a 

0 

G 

G 

p 

O 

G 


CD 

CO 

X 

td 

X 

O 

CO 

P 00 


CD 

p 

p 

X 

o 

cd ■ 

to 

P 

QJ 

p 

to 

o 

o 

G 


0 

<d 

to 


to </> 

o 

C 

O 

Oh 

X 

o 

p 

X 

o 

o 


0 

p 

G td 

p 

X 


a 



CD 

td 

X 

1 — 1 

X 

X 

< 

a td 

p 

X 

td 

p 

cd 

Q 

P G 

<v 

X 

c 

CD 

c 


to td 

cx 

0 

o 

X 

o 

O 

G 

o 

X 

cx 

•H 

£ 

■r-| •- 


<r 

p 

to 

P 


x) to 

X 

• 

td 

o 

td 

to 

td x 

u 


G 

p 

c 

u 

to 

p 

</> 

p 

CD 

p 

X 

a> >> 

cd 


CD 

G 

CD 

to 

to X 

CD 

CD 

P 

DO 

P 


cd cd 

w 

X 

G 

cd 

G 

X 

X G 

ID 

Eh 

M 

X 

X 

cu 

X cd 

04 


Q 

o4 


BASIS OF FY 1994 ESTIMATE 

FY 1994 will support ongoing operation of NASA spacecraft; data analysis for current and previously 
operational satellites: support for astrophysics data archiving, data management, and theory programs: and 
development of ground systems and science operations for future spacecraft. Future servicing needs of the 
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Space Physics MO&DA will support the operation and data analysis for the Voyager, Ulysses. Pioneer, Geotail. 
SAMPEX. Yohkoh, and IMP space physics missions. Support for the GGS mission is included in FY 1994 for the 
initiation of Wind and Polar operations. 
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environment, from the flow of the solar wind past the magnetosphere to variations of the plasma environment 
near the surface of the Earth. These studies have many practical implications, such as determining 
disruptive effects on communications, analyzing the impact of solar input on the global circulation of the 
Earth’s upper atmosphere, or examining space plasma effects on spacecraft. 
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During FY 1994, the Astrophysics and Space Physics R&A program will continue to support its activities at 
approximately the same level as FY 1993. including the continuation of support for mission concept studies 
for the SOFIA, TIMED, and MESP candidate missions. 
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In FY 1992. the 0141 conducted one major campaign in the Southern Hemisphere to continue studies of the 
Supernova SN1987A. the nearest visible supernova to occur in modern times, and observations of the galactic 
center. The KAO is currently the only facility in the world that can conduct these observations in the far 
infrared and submillimeter wavelengths. Infrared observation of Mars, Pluto, and Jup-iter also continue to 
provide important scientific return. 


The Balloon program provides a cost-effective means to test flight instrumentation in the space radiation 
environment and to make observations at altitudes which are above most of the water vapor in the atmosphere 
In many instances it is necessary to fly primary scientific experiments on balloons, because of size, 
weight, or cost considerations or lack of other opportunities. 
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Balloon program funding is required for purchase of balloons, helium, launch services, tracking and recover; 
as well as for maintenance and operations of the National Scientific Balloon Facility (NSBF) at 
Palestine, Texas, and other remote launch sites. Funding for the experiments flown on balloons is provided 
from research and technology funds which support the various scientific disciplines. Balloon program 
funding will continue to support up to 40 missions per year. 
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mission operations for Mars '94. a Russian mission with international cooperation. French-supplied 
electronics aboard the Mars Observer will relay data from the landers and balloons to be carried by the 
Russian Mars ’94 mission. Funding is also provided in FY 1993 and FY 1994 to provide up to two U.S. 
instruments for flight aboard the two landers which will fly on the Russian Mars '94 mission as well. 
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In addition to the development of new missions, ongoing Mission Operations and Data Analysis (MO&DA) 
activities are a major focus of the Planetary Exploration program. Extensive effort continues in support of 
the Voyager-Neptune, Galileo, Magellan, and Mars Observer missions. Activities include the monitoring of 
spacecraft operations, ongoing mission design and software development, and acquisition/processing/analysis 
of new data as it is acquired. Ongoing data analysis of existing data sets are also conducted'.'* Planetary 
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FY 1993 activities will be focused on concluding the checkout of all flight hardware and science instruments 
before arrival at Mars and establishment of the final mapping orbit. Also, flight software updates and 
ground data system implementation for transition from cruise to prime mission operations in FY 1994 will be 
accomplished. Plans for science data archiving and the disposition of flight spare hardware are also 
underway. 
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$5.6 million was transferred from Cassini to the Planetary MO&DA (Flight Project Support) budget, in 
accordance with the FY 1993 initial operating plan. These funds support the AMM0S ground system upgrade 
which is no longer funded as a Cassini -unique activity. Funding is increased by a $0.5 million reallocation 
of Research Operations Support (R0S) funding. 
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Magellan mission operations are scheduled for termination in FY 1993. FY 1994 funding for Magellan supports 
continued science investigations and analysis of existing data sets only. Ongoing support for the Voyager 
Neptune data analysis program will continue. 
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Planetary geology /geophysics activities include the study of surface processes, structure, and history of 
solar system bodies. Comparative studies provide a fundamental understanding of the physical processes 
which control the development and evolution of all planetary bodies, including the Earth. In this respect* 
data from the Magellan mission is of crucial importance. Planetary materials/geochemistry activities study 
the chemistry, composition, age, and physical properties of solid material in the solar system through the 


study of returned lunar samples, meteorites, and extraterrestrial dust grains. These continue to yield new 
information about the history of our solar system. This program is coordinated with the lunar sample and 
meteorite research, which is supported by other agencies, such as the National Science Foundation (NSF) . 

The operation of the Lunar Curatorial Facility is also supported by this activity. 
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plans for use of $2.5 million from Advanced programs for acquisition of the Russian Mars '94 Lander 
engineering model to seek possible technology benefits for use in future NASA small missions. Plans for 
this activity are on hold pending further negotiation. These reductions are partially offset by a $1.3 
million reallocation of Research Operations Support (ROS) funding. 
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The Life Sciences Research and Analysis program includes seven major elements: (1) Space Physiology & 

Countermeasures , (2) Human Factors. (3) Environmental Health. (4) Space Radiation Health. (5) Controlled 
Ecological Life Support Systems (CELSS) . (6) Space Biology, and (7) Operational Medicine. The Research and 
Analysis program also includes the following additional activities: data archiving: NASA Specialized 

Centers of Research and Training (NSCORTs) ; NIH Initiative activities: and Cosmos/Mir cooperation. 
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program to Space Applications (Earth Science Research and Analysis) to consolidate funding and program 
management responsibility; and the addition of $5.2 million for NIH cooperative activities. These program 
adjustments are partially offset by a $0.9 million increase due to the redistribution of Research Operations 
Support (R0S) funding. 


V 

















QJ 



cd 


CO 

oo 






P 


o> 






P 

X 




CO 

d 






P 

p 

X 






CO 


d 


<D 

X 


rH 




O 

o 

P 

d) 





cd 

o 


X 


d 

p 

co 

cd 




a 

p 


co 

X 




> 





CO 

P 

d> 

CJ 

d) 



a 

X 

>■> 

d 

cd 





d 


X 


CO 

o 

♦H 

•H 

rH 



d 

d 

X 


o 



<u 

X 

o 


a) 


CD 

a X 

XJ 

u 



co 

o 

X 

X 

X 

P 


X 

d 

X 


co 


X 

a 

a 

d) 

CO 




a 

cd 

X 

oO 

P 


p 

cd 

p 


co 


P 

a 

p 

a 

d 



d) 


*rl 

X 

o 

cd 




X 


d 


X 

CO 

co 

a 



X 


CJ 

> 

X 

1 


X 

d 

d 


CJ 


oO 



x 


CO 

X 

X 

<D 


o 

<u 


o 

o 

X 


co 


X 

X 

0) 

o 

XJ 


co 

X 

X 

a 

a 

X 

X 


p 

X 

X 


X 


0) 

d 

CO 


d 




cd 

to 

cd 

a 

p 


p 

p 

QJ 


X 


> 

co 

d> 

co 

cd 


X 

OJ 

d 

<u 

p 

>> 

1 


c 

o 

X 





X 

d 



u 

> 

o 

^ ' 

00 

CO 

X 


o 

a 



CO 


X 

co 

Eh 

o 

0) 


d 

•H 

X 


o 

a 

o 


CJ 

X 

X 


cd 


o 

•H 


•H 

d 

■ 

CO 

P 

P 

to 

p 


f 



o 

d 





CO 


P 

o 

o 


CJ 

cd 

p 

a 

p 

dJ 


o 

p 

cO 


- 


CO 


• 

CO 

x 

p 

CO 

0) 

p 

o 


o 

p 


p 

a 



K 


P 

X 

d) 

dJ 


dJ 

CO 

X 

dJ 

0) 

co 

X 

cd 




to 


H 


CJ 

c0 

o 

d 

4h 


d> 

4-i 

a x 

p 


p 


CO 

to 

X 




0) 

d 

co 

a 1 

O 

• 

p 

d> 

o 

X 

o 

CO 

CO 


X 

to 

cu 




x 

cd 

a 



d 

co 

i 


d) 

p 

X 



o 

2 

X 


OJ 




co 

d) 

d> 

o 


P 

o 


o 

p 

d> 


X 

a 

o 


X 


0) 

co 


P 

o 

X 

d 

CO 

p 

X 

cd 

CO 

CO 


p 

o 

a 


p 



p 

d 

cd 

d 

CO 

X 

o 


cd 

X 

X 

d 


dJ 

X 





0) 

co 

•H 

oO 

cd 

X 


o 

dJ 

CJ 


d 



a 

X 

QJ 


X 


x 

X) 


*rl 

d 

> 

CO 


d 

X 

d 

co 

p 




X 


p 


P 


X 

P 

<0 

•H 

XJ 

XJ 

d 

oO 

cd 

p 

cd 


X 

d 

cO 


X 



x 

<0 

CO 

p 

XJ 

p 

d 

*H 

O 

g 

CO 

X 


cd 

X 

O 


> 


0) 

a) 

p 

<u 

d 


CO 

c0 

P 

X 

d 


P 


o 


CO 




P 

X 

a 

> 

*H 

X) 

XJ 


d 

o 


a 



X 

X 



CO 


CTJ 

d 

0) 

d 

CO 

d 

d 

cu 

o 

X 


o 

co 


a 

a 



CD 


i — 1 

<D 

t — i 

X 

a 

* 

cd 

CO 

4-i 

o 

X 

<D 

X 

a 


d> 

P 

P 


X 


d 

p 

rH 



p 

cd 



O 

dJ 

<u 


X 

cd 

o 


p 


a 

* 

O 

O 

• 

a 

to 

to 

X 

<D 

cd 

> 

p 


CJ 

d> 

p 


X 


*rl 

a> 

u 

P 

rH 

CO 



X 

X 

a 

dJ 

co 


i 

co 

cd 


> 



CO 




o 

X 

X 

DO 

X 

P 

00 

X 

>> 


X 

d> 

p 


X 



u 

CO 

XJ 

p 

rH 

CO 

d 

> 




CO 


cd 

P 

o 


p 


O 

o 

p 

dJ 

p 

O 

p 

•H 



<u 

O 



o 


X 


(J 


P 

X 

CO 

co 

d 

X 

d 

a 

a 


X 

P 

> 


X 

oO 

cd 


td 




x) 

d 

o 

cd 

d) 

o 

cd 

d 

p 


cu 


CO 

d 

X 




CO 

(0 



o 

P 

a 

X 

p 

p 


w 

c 



X 



P 


rH 

X 

a 

0) 


<u 

d 

<1> 

oO 

CO 

- 

d 



X 

o 

X 


d 


d> 

■H 

o 

X 

QJ 

a 

o 

> 

o 


p 

o 

d 


a 

oO 

O 


X 


x 

> 

u 


P 

p 

d> 

p 

X 

o 

X 

DO 



d 



o 


o 

O 

X 

d 

d 

rH 

X 

XJ 

a 

d 

X 

oO 

X 


X 

o 

P 


■r-> 



a 

p 


(0 

CO 

r— 1 

> 



cd 

p 

d) 

CO 

to 

c 


d 





a 

oj 

o 

CO 

d) 

d 

o 

X 


p 

p 

QJ 

a 

cd 

o 

o> 


a 


X 


rH 


<D 

CJ 

cu 

P 

p 

co 

d 


X 

d> 


p 

a 


o 


<y 

x) 

X 

>> 

P 




X 

cu 

X 

p 


p 

X 


a 


i — t 


CO 

d 

•H 

P 

a 

• 

oj 


cd 

P 


cd 

X 

CO 

CO 

d 

o 


d> 


co 

co 

CO 

•H 


o 

d 

<D 

<D 

cd 


X 

d 

s 

CJ 

o 

X 


> 


x 

CO 

> 

XJ 

o 

*H 

X 

X 

a 

• 

o 

cd 

CO 

X 

X 

QJ 


d> 


i 

• 

o 

cd 

o 

d 

4-1 



X 

cu 

a 



DO 

p 

> 


X 


x 

p 

a 

P 

o 

cd 

dJ 

d) 

d 

P 

p 


» 

X 

o 

X 

d> 




p 

d 


00 X 

rH 

P 

X 

o 

w 

d 

d> 

to 

a) 

X 


X 


o 


p 

d> 

w 

O 

XI 

cd 



X 

dJ 

co 

X 

dJ 

p 

o 

X 



p 


C0 

S 

co 

P 


X 

XJ 

X 

P 


o 

p 

p 

co 

X 

co 

d 


d> 



w 

d 


O 

CO 


d 

X 

cd 

dJ 

a 


d 

a 

X 


o 




o 

*d 

•H 

CO 

4-1 

td 

X 

X 

co 

X 

CO 

X 

o 


d 


* 

d 


O) 

p 

o 

a 


o 


> 

XJ 

o 

d) 

cd 

cu 

p 

OJ 

X 

cu 

CO 

d 


CO 

•H 

d 

X 


a 


cd 

X 



a 

d 

p 


X 

p 

X 


a 

> 

a 

> 

u 

d 

o 

CO 

OS 


d 

X 

o 

cd 

cd 



a 

P 



d 

O 

d 

o 

X 

XJ 


CD 

o 

o 

P 


DO 

• 

X 

<i> 

d 


o 

0) 

co 

X 

CO 

•H 

a) 

p 

<D 

d 

X 

d 

a 

« 

X 

p 

X 

CJ 

o 


P 


co 



P 

> 

cd 

X 

X 

p 

co 


cu 

p 

X 

X 

d 

CJ 



p 

4-i 

X 

cd 

d> 

x) 

Eh 

X 

cd 


do x 

CO 

cd 

> 

o 



0J 

X 

d 

O 

p 

rH 

XJ 

d 


<D 

X 

co 

d 

a 

cu 

p 


CJ 

i — i 


a 

o0 

P 


p 

d 


cd 


p 

X 

p 

X 

a 

> 

(J 

CO 


X 


d 

X 

CO 

oO 

co 

o0 

X 

p 

• 


cd 

d 

d 

o 

a 

dJ 

X 

d 

X 


•H 

tH 

<D 

d 

w 

dJ 

X 

co 

CO 

• 

p 

cu 

X 

o 

X 

CJ 

CO 

oo 

> 


P 

X 

i— 1 

*H 

p 



a 

co 


a 

cd 



cd 

cd 

X 



d 



XJ 

d 


> 

oj 


> 

cu 

d 

p 

X 

o 

a X 

CO 

co 


o 

CD 

d 

d 

o 

<u 


co 

p 

<D 

o 

o 

p 

p 

p 

to 

a 

d> 

a 


cj 

a 

co 

CO 


X 

a 

d) 

co 

P 

cd 

p 


X 



a 

X 

cd 



<0 

o 

p 

cu 

P 

cd 

X 

>> 

CJ 

a 

X 

> 

> 

cu 

X 

QJ 


p 


H 

cx 


CO 

o 


p 

P 

CO 


co 

> 

d> 


d 

QJ 

a 

X 

oo 


X 

CO 

CO 

p 

d 

XJ 

o0 



<1) 


d 

d 

CO 

d 

P 

o 

o 


X 


P 

d> 

co 

d 

o 

• • 

oO x 

X 

cu 


d 

X 

O 

p 

X 

P 


> 

oj 

O 

XJ 

p 

co 

p 

>> 

d 

P 

o 


a 

o 

p 

X 

QJ 

a 

• 


X 

P 

d 

p 


a 

DO 

•H 

P 


X 

o 

X 

d 

X 

P 

o 


d 

w 

CO 

p 

cd 

d 

o 

d 


o 

P 

d 


d) 

X 

p 

o 

a 

i 

o 

CO 

o 

Eh 

0) 


oo 


a 

o 

X 

X 

O 

X 

p 

p 

d> 

cd 

u 


P 

p 

X 

X 

< 

•H 

4h 

•H 

u 

a 

X 

p 

o 

P 

Ol 

d) 

cd 

> 

p 


X 

cd 

a 

co 

p 

X 

P 

o 

P 

d 

•H 

P 

X 

o 

X 


o 

X 

cu 

<u 

X 

o 

QJ 


>> 

CJ 

M 

X 


CO 

o 


O 

co 

X 

d 

X 

d 

o 

X 

a 

X 


d 

p 

X 

d) 

H 

> 

CO 

< D 


rH 

d 

0) 

X 

o 

o 

cd 

co 


o 

X 

p 


o 

co 

to 

W 

X 

p 

> 

d) 

co 

d 

K 

o 

a 


o 

X 

X 


> 

d 

- 

X 

d 


W 

P 

d 

d 

d 

cj 

x 


p 


d) 

X 


d 

d 

a 

<u 

CO 


< 

oj 

a 

a> 

X 

•H 

•H 


X 


X 

p 

X 

cd 

cd 

a 

a 

CO 


P 


co 

d 


4-1 

O0 

p 

co 

XJ 

cd 

d 

o 

d 


a 

cd 

d 

QJ 

a 

X 

cd 

Oh 


o 

P 

d) 

O 

C0 

p 

d 

p 

to 


cd 

p 

d 

p 

o 

p 

QJ 

d 

p 

o> 

x 

a 

CO 

P 

» — 1 

X 

d 

cd 

d 

o 

X 


co 

X 

DO 

p 

to 

P 

cd 

td 

rH 

o 

0 

X! 


O 

d 

d) 


cu 

a 

CO 

X 

a) 


o 

X 


CO 


a 


P 

o 

P 

P 

X 

x 

a 

>> 

a 

XJ 

X 

CO 

p 

X 

p 

> 

CO 


X 

0) 


co 

o 


d) 

X 

•rl 

d 

o0 

d 

d) 

p 

p 


o 

a 

d 


to 

CJ 

to 

pi< 

d> 


O 

x 


P 

o 

o 

o 



cd 

- 



d> 

p 


P 

DO 


CO 

P 

CO 

p 

cj 

CO 

p 

1 — 1 

p 

d 

X 

X 

d 

d> 

00 


d 

X 

CO 

Pn 

a) 

<D 


p 

X 

<u 

•H 

o 

X 

o 

d> 


o 

DO 

00 

p 

CU 

OJ 

CD 

d 

o 

p 

X 

CO 

d 

CO 

> 

> 

*H 

> 

X 

CO 

- 

X 

X 

X 

o 

a 

p 

CO 

X 



p 

0) 

P 

CO 


d 

X 

d 

p 

cd 

dJ 

p 

d> 

w 

X 

0> 

cO 

0) 

> 

CO 

o 

o 

X 


X 

• 

w 

O 

a> 

co 

d) 

P 

CJ 

X 

u 

p 

oO 

P 


o 

n 

X 


XJ 

» — 1 


CO 


P 


X 

p 

o 

dJ 

> 


o> 

td 

i 


X 

CO 

co 

X 

d 

rH 

XJ 

CO 

dJ 

O 

XJ 

X 

CJ 

a 

X 

o 

dJ 

p 

d 

d 

0) 

X 

< 

co 

d 

p 


d 

co 

X 

•H 

d 

cd 

d 

<D 

dJ 

d 

X 

d 

cd 

cd 

X 

o 

« 

« 

co 

CO 

> 

C0 

a 

Eh 

a 

cd 

p 

X 

P 

to 

X 

Eh 

X 

a 

a 

Eh 

X 


r- 

i 

tn 


§ 



00 


w 

H 

2 

W 

X 

w 

Pi 

W 

CM 

X 

W 

H 

2 

O 

M 

iJ 

pM 

w 

w 

u 

2 

w 

M 

u 

CO 

w 

Pm 


H 

1 

s 

M 

B 

w 

pi 

e> 

2 


Pm 

CT* 

os 


Pm 

Pm 

O 

CO 

M 

CO 

< 


0) 

.< p p 
^ tt) CO 

s 00 0 

S "S - H 

3 p 
w to 
w 


0 } 

nd 

d 


o 

o 

r- 

<? 

On 



0) 

03 

O 

p 

p 

03 

o 

03 

03 

d 


00 

8 

o 

- 

nd 

•rl 

X 

Os 

d 

CQ 

P 

03 

w 

H 

oo 


X 

O 

OJ 03 

o 

Os 

r- 

Os 4 _» 

- 

1-4 O 


< 

os 


O 

P 

nd 

CD 

d 

DO 

•rl 

03 

0> 

nd 



03 

o 

X 


o 

03 



DO 

oO 

p 

CO 



X 


vO 

d 

nd 


P 


to 

P 


X 

•H 

0) 

a) 

0) 


d 




p 

i — i 

p 

> 


o 

P 

to 

O 

p 

> 

d 

0) 


o 

o 

•H 

P 

O P 

o 

03 

to 

nd 

4h 

4h 



CM X 
03 DO 

5 

o 

CM 

p 

d 

o 

X 

03 

(P 

X 

to 

p 

P -H 


X 

p 

o 

X 

P 

O 

X 


X 0> 0> 


M (5 'd U 
ti a d C u 

(!) W (fl W 0 ) 0 ) 

o • rl O0 

X 0) 03 8 CJ d 

>>X *rl CO W O 
03 P 10 P X 

CM S O0 U 
o 1 — I O *rl *H 






03 P 

03 

p 

to 

o 





N 

d 

CM 

03 






•H d 

03 


X 

03 


0) 


OS 

X o 


03 


0) 

P 

p 

0) 

co 

■H *H 

oj 

X 

P 

a 

c 

0J 

p 

o 

P P 

P 

H 

d 

d 

03 

B 

03 


d 03 

0J 


o 

0) 

P 

•H 

X 

X 

p 

nd 



d 

P 

p 

rH 

00 

nd CM 


• 

0) 

a< 

d 

to 

o 


d 03 

* 

03 

u 

03 

o 

W 

Q 


oJ nd 

d 

P 

d 

01 




03 

o 

d 

OJ 

d 



4-i 


CM 

•H 

03 

X 

o 



o 


O C 

p 

X 

d 

a 





X »H 

03 

CM 

03 



> nd <u nd 
a) a) cm d 

nd > O 03 


to 

*H 


O P 


03 

a 


oO 

o 


6 6 
oJ to 

Cl X 

oo a 

O 03 
P rC 
cm a 
a> 

W 6 
P 

C X 
03 03 


> X W 03 X 

CJ DO r- I P O 

«H *H o3 Cm *H 

x 6 oJ to 

W 4-1 'H T) 

d o3 X 

03 CM 


B U *H £ 

•rl -rl 0) -H 
U DOT) > 

a) o 

Cm X • 

X O d 
W -H O 
03 -H 
P >> P 
X X o 


o3 a) 

w d x 

‘ o P 
•rl 

P 0) 
. _ 03 P 

■H X P 03 
d -H g 
H DO > *H 
03 P 
Cl W 
oO OJ 


d 

oS 

8 

d 


o 4-1 
> o 


to 


oo a a) d d 


•H 

X O 03 
Pm -H 03 
03 


03 

P 

d 

a) 

6 

•H 

Cl 

OJ 

CM 

X 

a) 

p 

■a 

•rl 

rH 

Pm 


< 

E-» 

CO 

P, 

5! 


o d X 

*H 05 U 

P P -rl 

03 W rd 

0} 03 03 DO Cl £ 

<D X 03 -H 0) 

O T) P T) 

C <D d 03 d P 

D d H 0) d -H 

•H P U > > 

u d d u 

co cm -h *h 03 o> 

o p a 

ai s iH p d 

cm do oj oj a) a) 

•rl d P O X nd 

1-3 *rl DO -H -H 

•O O DO 03 

d u o d 


<13 

X 

P 

P 

o 


03 CM rH O O 

p O P U 

03 0) -H 

^ T) (D 


0) H 


03 X 


O 03 
CM 0) 

a 

d ® 
oj x 

p 

o 

P nd 
d 

>> 03 
03 
> 
u 
a) 
nd 
d 
d 


CO *rl 03 
<u > nd 
o 
a 
a) 

•H 


P 
W H 


0} 
P 
d 
O <13 
03 0 


a) 


03 

o 

rH 

>> 

03 

CM 


P 


8 Z 

03 

Cl d 

DO o 

O -H 
P 01 
CM 03 

•rl 

03 8 

p 

03 
> 


•rl 
_ Cl 

4-i <l) nd 
•h ad 
tH X 03 
03 

CM Cl 

Q CM 0) 

• • X 

X CO P 
(Odd) 
rl CO DO 
03 

u a) d 

0! d c 

CM H 
00 


03 


d 

<u 

8 

•H 

iH 

a> 


0) P 
p o 
• to d 
>, d 
CM W P 


CM <13 
X CM 


W 


p a 
X 

DO CM 
•rl a 

I — l 1 

p x 
00 
X 

03 03 
rH X 
03 P 
O 

03 03 
CM Ci 
C/3 03 

03 a) 

rH 03 
P 03 
P X 

d p 
A 

C/3 oO 
d 

03 O 

x 3 

p < 

d 

•rl 


03 
> 
O 
>> U 

do d 
o 0) 


03 
d 
o 

•rl 

P 
03 
Cl 
03 

cm x 
a) oj 

Cl 


C/3 03 P 

d cfl 

</] *H H 

w d d 

rH ,Q 
CM P H 
i P 
W d W 

0) c 

O 03 
d 
a) 

•rl 

O _ - 

C/3 1 — I d 

O 

0) -rl Hd 

p w d 

•h >> tfl 

CM rH 

,a oj 

03 iH P 
rH 03 0) 
03 H rH 
a d 03 
03 o Js4 
CM 0) 03 

C/3 oj O 
> tH 

- o d 
d -H o 
ox) w 

•H Cl d 
o) a) B 
03 a 

•rl 
6 


* P 
0 

co a) 

Cl tH 
oOP a) 
o P nd 
p d d 
cm x o 
co o 
to 0) 
p P to 
d o 

03 03 

0 d tH 
•HOP 
Cl *H P 
0) W d 
cm d x 

X 0) C/3 
p p 
X 03 
P 03 0J 
X 

do 0) d 

♦h ,d ? 

rH P O 

P rH 

Cl P 
<D O 
^ P 0) 
P 

03 

P 0) o 
O U 03 
d rH 
P 03 03 
C| 0} 

03 03 rH 

CM 0 tH 
Cl -H 
03 0) > 

<C P 
d 
d 
o 


0) 

p 

_ c 

O OJ 

p 0 

SHH 
O oJ U 
Q O 03 
W -H 

'>— ■ • *o 

0) 03 
0 0 
03 P 

u o d 

DO *H 


CM 

X 


O P rH 


d 

o 

0) 

0) 03 


^ O 

o d 
d o oj 

03 O P 
•H P 0) 
o 8 

0) rH 


CM 

CL, u 

0) d) 
tH CM d 
0J 0) 03 
O 
•H 

0) 

X 03 

> .. 

P 03 0) 

03 d) 

P 

•H O 

X v 

p 

o 

p « 
O oo 


CM rH 

O to 
8 
•H 
d 


03 

d 

•H 

d 


rH 03 -H P 


d 

o 

•H 

P 


0) 

d 


d 

X 


> 

CM 

0) 

4-1 

> 

03 

o5 

> 

d 


oj 


03 

d 


a 

•H 


t — i 

P 

•H 


P 


to 

03 

03 

• 

03 

i — 1 

0) 

d 

d 

P 

03 

d 

X 

p 

n5 


CO 

CM 


P 

o 

Q 

o 

X 

03 

03 

d 

a> 

0) 

OS 

C/3 

nd 

d 

0} 


03 

p 

B 

CJ 

03 

p 

u 

Os 


03 

03 

03 

nd 

•r - ) 


d 

■H 

8 

o 

05 

rH 

03 

P 

8 

> 

o> 

x 

nd 

o 

nd 

•rl 

d 

CM 


X 

0$ 

♦rl 

o 

nd 

o 

d 

p 

03 

P 

•H 

03 

>< 

P 

o 

P 

♦H 

d 


03 

•H 

6 

0) 



Cm 

P 

•rl 

03 

nd 

03 

OJ 

CM 

> 


CM nd 

03 


d 

nd 

CM 

p 

P 

X 

x 

d 

d 

X 

d 

X 

C 

X 

03 

X 

03 

X 

H 

0) 

03 

0 

0) 

nS 

p 

H 

C/3 

nd 

0) 

o 

w 


O' 
01 rH 

P 

•H >H 
p 
DO 

d d 
•H H 
d 
d 


nd 

d 

03 

03 

03 X 
P P 
d 

03 - 

0 — 

•H 

P • 

0) 

CM nd 

X d 
03 0j 

> CO 

03 • 

d t/i 

P CO 

o ^ 

P 01 

d d 

0 ) o 

8 *H 
CM 03 
O 03 
rH *h 
03 8 

> 

0) oj 
nd 0) 
o 
d 

03 
■H 
U 
0) 


0) 


•H P 
> d 
03 

d 8 
O 03 
•H > 
P rH 
03 O 
CM > 

•h a 
a *h 

•H 
P 
P 
03 
CM 


03 


nd 
d 
03 

d 
o 

•H 
p p 
•H -H 
d rH 

•H 

P nd 

03 03 

nd P 
<0 

d o 
O -H 
nd 

0) 0) 
d nd 
d 

•h ,d 
p p 
d p 
o d 
o o 

p 

o 

0) nd 

rH d 
n5 03 

8 nd 
03 P 
P -H 
DO 

O P 

p 

cm a> 


dd 

IH 

2 

P 

o 

•r-) 

03 

8 

P 

•H 

03 


03 

Hd — 
P ^ 
•H O 

> X 

03 CO 
03 H 
•H CO 
P w 
0) 

03 P 
03 

d -e 

o 8 

•H 0) 
03 0 

03 

•H > 
8 03 

p 

03 U 

> 

•rl 03 

P 

03 0) 
P -rl 
0) 

CM P 

o d 


03 

03 


P 

•S> 

•H 


O 

P 

00 rH 

C w P 
03 
•H 
P 
P 
d 
d 
o 
o 


0) 

o 

03 

CM 

03 


P 
p ^d 

d p 
nd o 
co x 


0) 

a 

03 

cm 

co 

P 

03 

p 


03 

o d 

o 

0) 0 


03 p 
o 

nd P 

d 


a 

•H 

00 

o 


p 
03 P 
P 

•H 0) 
X X 
p p 

o 


d nd 
*h d 

03 

nd 

d * 
03 X 
o 


• 03 

d 

•H X 

03 O 
P -H 

X X 

0) 

X d 
p o 


d 

o 

•H 
p 
03 
P 
CM 
03 

nJ >> nd 
P 03 
«• *h 

c s 

o d 

•H P 
P P 
03 o rH 
P CM O 
DO CM -H 
O 03 
03 >> 

O 03 X 
03 X CM 
CM P 

co d 

03 03 

p nd 8 

•H *H d 

2 > X 

o 

d p 8 

OJ CM P 
03 
p 


d 
o 

•H 

0) 03 


•H 
03 rH 
03 rH 

d -H 


nd 

oJ 

u 

a) 

Q 


03 


03 


0) P 
X P 
p d 
X 
o co 




03 0) 

03 0) 


d 

o 


03 
P 
d 
03 
8 

3 S 

0 ) o 

CM i — I 

X «P 

W 

03 

P X 
X 

DO O 
•H P 

i — I 

P nd 

a) 

03 d 
X C 
P oj 


X tH 

P 03 
•H P 
> O 
•H 
> 
03 


d 

o _ 
•H X 
03 0) 

03 X 

■H 

8 c 


03 


03 


03 

>> 

r , _ 03 

W o n3 


d 

•rl 

03 

P 

P 


O nd 
tH P 
4-1 03 
X X 


X d 
•H 
03 03 
> P 
•H X 
P 

dj O 
P P 
03 

cm nd 
O 03 
O P 
O 03 
V 

IPl -rl 

<T> nd 
Os 03 
tH nd 


03 
0) 
P 

< X 

2 P 

d o> 

•H > 

03 rH 

B § 
03 a 
X *H 
P 

rH 
03 r — I 
OJ *rl 
> 
DO 

d oj 

•H 

> 

P 
03 


DO 
d 
o 

0) 0 tH 

^ 03 

P O 
o0 P 
O 

P 03 
CM 03 
X 
03 (J 
•H 

>n H 

03 
P 

03 • 

P 

rH -rl nd 

rH X d 

•H Oj 
> 0) 

X w 
P P nd 
d o 
oj X X 
d P P 
° 

p > 

p 

03 X W 
03 03 - 
X P 
03 03 03 

COX 

0 03 P 

CM O 

X CO 
a ^ X 
•H 03 O 

1 ffl 


03 

0 


d ^ 

o x 


P 0) 
p 

d nd 


•rl 
0) 
03 

_ d 
0) 


d 

o , 

*H X 

03 P 
03 

•rl 4-1 

8 o 


^ d 
co 03 


p 
0) 03 


p 

03 

nd 

d 

d 


well as provide the U.S. with its first long-duration mission information since the Skylab program. 
Continuation of previous NASA collaboration with the former Soviet Union in its COSMOS biosatellite program 
is planned, with joint research on one COSMOS flight in FY 1993. 
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to support the joint NASA/Mir mission These reductions were made possible due to extensive Shuttle 
manifest changes and the termination of the Canadian Waves in Space Plasma (WISP) mission. The reductions 
are partially offset by the transfer of $3.0 million from Physics and Astronomy/Payload and Instrument 
Development to provide Spacelab support for the Astro-2 mission: an increase of $0.9 million due to the 
redistribution of ROS funding: and an increase of $5.1 million in order to support the flight of t e t as 
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NASA has established several significant objectives in the Mission to Planet Earth program for the next 
decade. Missions and research will emphasize advancement of our understanding of the upper atmosphere 
through the determination of the spatial and temporal distribution of ozone and select nitrogen, hydrogen, 
and chlorine species in the upper atmosphere and the sources in the lower atmosphere. NASA will 
characterize the current state of the terrestrial landscape, including the biosphere and the hydrosphere. 


gators will use space-derived measurements to increase understanding of large-scale weather patterns, 
hers will increase capabilities for severe storm forecasting as well as knowledge of ocean 
ivity. circulation, and air-sea interactions. A long-term strategy for climate observation and 
ion will improve knowledge of seasonal climate variability. Understanding the cycling of key 
ViAmioal elements, interactions between the biosphere and the climate system, the composition and 
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The Mission to Planet Earth information system activity will continue supercomputing at the Goddard Space 
Flight Center (GSFC) and the Jet Propulsion Laboratory (JPL) . including enhancements to keep pace with 






G 

0 






0> 

to XJ 




P 


OJ 

P G 




•H 


jQ 

oO tO 




<P 



O 




OJ 


< V 

P rG 



a) 

a 


> 

CL O 



A 

a) 


tO 

P 



p 

rP 


rG 

to CO 
0 a> 



o 

>> 

rG 

to 

<0 CO 



p 

rH 

p 

P 

p 




P 

p 

0) 

to OJ 



xj 

CJ 

cO 

oO 

^rG 



g 

a) 

M 

XJ 

CO H 



cO 

p 


G 





•rl 

P 

rO 

C 



a) 

XJ 

OJ 


O • 



o 


G 

to 

•H 0 



p 

rG 

tO 

•rl 

P tO 



o 

a 

rH 

to 

to P 



tp 

♦H 

fP 

>> 

0 oO 




rG 


r— 1 

P O 



P 

> 

O 

CO 

O P 



o 


P 

G 

<P CL 



> 

0) 


<2 

G 




<0 

G 


H A 



0) 

•rl 

O 

XJ 

P 



o 

P 

•H 

C 

a) p 



•H 

•rl 

to 

tO 

rG CO 



> 

> 

to 


H W 



P 

•H 

•rl 

rG 




<D 

P 

2 

0 

P 

• 


CO 

a 


p 

• 0) 

S 



to 

>> 

to 

0 G 

tO 


r— 1 


r— 1 

a> 

tO CO 

P 


■H 

P 

G 

to 

P 1 — 1 

00 


> 

p 

O 

0) 

oO CP 

O 


•rl 

o 


A 

O 

P 


O 

CL 

Q) 


P O 

CL 



CL 

X» 

XJ 

CL P 



a) 

CJ 

G 

G 


(0 


rG 

CO 

H 

tO 

to c 

a 


p 


O 


G O 

tO 



o 

c 

to 

O -H 

CL 


o 

p 

•H 

P 

•H CO 

CO 


p 



G 

P CO 




00 

O 

a) 

tO *H 

tp 


p 

G 

P 

0 

a X 

O 


p 

•H 


•H 

•rl 



o 

XJ 

P 

P 

rH a> 

OJ 


cl 

G 

a> 

Q) 

CL ^ 

to 


cl 

G 

DO 

CL 

CL P 

SG 


G 

1^4 

XJ 

X 

< 



to 

• 

G 

0) 

XJ 

rH 



CO 

A 


XJ C 

CO 


rH 

• P 


P 

G tO 

•H 


to 

to a> 

10 

rG 

cO 

CJ 


p 

P 00 

G 

oO 

0 

p 


•H 

a) xj 

O 

♦rl 

CO CO 

(U 


> 

p G 

•H 

rH 

O P 

0 



P A 

P 

fa 

cj oO 

0 


tO 

cO 

cO 


G O 

0 


a) 

3 S 

U 

O 

CD P 

O 


XJ 

a 4 tO 

•H 

O 

•H CL 




XJ P 

rH 

to 

a 

OJ 


> 

cO oO 

CL 

CL CO OJ 

rG 


O 

a> 0 

CL CO 

a 

P 


p 

A P 

< 


S G 



a 

CL 


G 

P OJ 

O 



< 

<V 

•H 

•rl *H 

P 


^ V 

00 a> 

a 


> a 



in < A 

to 

oO 

to co 

XJ 


O 

Z -M 

CL 

G 

p 

0) 




CO 

•rl 

DO OJ 

p 



P G 


CO 

0 0 

p 



CO -rl 

oj 

CO 

P to 

0) 


p 


A 

a> 

a cl P 


p 

XJ XJ 

p 

0 

♦H CO 

to 


o 

G a) 


0 

2 

G 


CL 

to XJ 

XJ 

p 

<u 

CO 


CL 

G 

a) 

a, 

XJ rG 

P 


G 

O iH 

N 


G P 

P 


00 

Pl O 

•H 

1 — 1 

to 




CO G 

G 

cO 

C 

G 


to 

O -H 

CO 

•H 

oj a) 

a> 


c 


oO 

P 

<p a) 

<D 


o 

(0 0J 

p 

a> 

•h > 

A 


•H 

rG P 

0 

p 

A P 



P 

P (0 

0) 

to 

<D 

to 


(0 


p 

2 

a) 

CO 


P 

p to 



rG 

rG 


O 

to 0 

<c 

a> 

P XJ 



CL 

CO 

CO 

rG 

a> 

>> 


O 

P P 

< 

H 

O XJ 

P 

« 


G 00 

2 


P -H 

•H 

to 

A 

cO O 



> 

> 

p 

o 

rH P 

• 

• 

XJ -rl 

•r| 

g 

P 

CL ex 

<r 

to 

(U XJ 

P 

0) 

CO 



0) 

P 

(J 

0 

a> 

iH < 


♦rl 

P G 

to 

<D 

co 

to 00 

rH 

P 

a) a> 


P 

a> 

0 c 


•rl 

tp a> 

<u 

•H 

pci 

•H S 

>H 

> 

tO JQ 

G 

G 


to 

[p 

•H 

G 

cj 

O* 

a> 

S 0) 


P 

tO to 

to 

a> 

rG 

rG X 

G 

CJ 

P cO 

d> 

u 

H 

a p 

w 

cO 

P rG 

cl: 



BASIS OF FY 1994 FUNDING REQUIREMENT 


OS T^-J 

^ p 


cu 

1 1 o o o o o 

o 

p 

1 1 o o o o o 

o 

CO 

1-H T-H <N m 00 


a 


• 

•rl 

N O 00 X US 

CN 

p 

<r o us *h 

CN 

to 

CN 

CO 

w 




o 

o 


o 

CN 


X 

W 

H 

w 

5H 

w 

O 

2 

M 

5 

M 

CO 

rt 

O 

W 

6 


a 


P 

a 

a> 

P 

P 

P 


0) 

/^s 

1 V.C 

00 

o 

o 

o 

<r 

p 

to 

< OS 

oo 

o 

o 

o 

00 

cO 

u 

OS 

CO 

1— 1 

1 — 1 

CN 

r-* 

a 

CO 

- 

• 

• 

- 

- 

• 

*H 

rH 


iH 

<r 

1 — l 

CN 

CO 

p 

X 


CO 

<N 


rH 

vO 

to 

o 


X 




CN 

w 

Q 








m 

o 


to 

x 


a) 

v p 
* co 
oO a 
X 

P P 

« W 
W 


Os 

Os 


iH 

O O O 1 ' ' ' 

o 

cO 

o O O • ' ' ' 

o 

p 

o o <r 

<r 

p 

• • • 

- 

o 

<J* rH i — 1 

vO 

< 

rH CO CO 

r-* 


1 — 1 

t-H 


O 

O 

00 


cO ' 

i • O 

o 

O 

o 

o 

o 

o 

to ' 

1 » o 

o 

o 

o 

o 

o 

o 

P 

o 

us 

O'! 

oo 

CN 


os 

o 

» 

• 

* 

• 

• 

• 


rG 

00 

rH 

o 

vO 

rH 

00 

CN 

H 

rH 


co 


rH 

o 




CN 




CO 









p 


. 







4h 


■ 







(0 


■ 







P 


CO 







U 


a> 


CO 





0) 


rH 


a> 





a 


o 

CO 

•H 





CO 

i — i 

•rl 

P 

P 





cx 

CO 

rG 

a 

O 


to 

CO 

>> 

to 

P 

0> 

o> 

P 

* 

<y 

a> 

P 


o 

> 

S 

CO 

0) 

•H 

•rl 

P 

rH 

Eh 


P 

> 

u 

P 

P 

CO 

as 


rG 

u 

P 

C 

0) 

<U 

*H 



o 

p 

CU 

01 

CO 

CO 

B 

O 


G 

to 

CO 

*H 



(V 

0) 


P 

g 

rO 

U 

X 

2 

rG 

a 


cO 

M 

o 

CO 

< 

0h 

u 

to 


-3 






a) 




cu 






m 





> 




*c 

01 

o 




o 





•H 

01 

01 


Eh 

rG 




p 






P 

p 




P 

to 


X 

a> 

to 





O 

cd 





p 

G 

G 

> 

01 





•rl 

oo 


* 

• 

cu 

rG 

Cd 

cd 

o 

•H 





XI 

•rl 



01 

xl 

DO 

0 ) 



P 

0 ) 




a> 

P 

• 

u 

DO 

p 

•H 

u 

• 

to 

P 




u 

•H 

G 

u 

c 

rH 

rH 

o 


p 

0 ) 

p 




cx 

a 

O 

Dh 

cO 

o 

4 h 


cx 

G 

CX 

CO 

a 





•H 

M 

rG 

G 


G 


0 ) 

o 



o 

p 

o 

P 


a 

•H 

0 ) 

CO 

• 

a 

p 

•rl 



> 

o 

p 

CO 




rH 


X 

0 ) 

cx 

P 



•H 

4 h 


P 

0 ) 

0 ) 

P 

rO 

to 

< 

p 


to 

u 



to 


to 

to 

00 

p 

<P 

♦H 

0 ) 


p 

01 



G 

to 

cu 

CU 

G 

CO 

CO 

to 

X 

<u 

to 

> 




a) 

*H 

•H 

P 

CO 

a 

P 

to 

p 

rG 

cd 

•H 

p 

(H 



rG 

to 

DO 

O 


•H 

O 

O 

X 

Eh 

0 ) 

P 

C 

( 1 ) 



<u 

CO 

CU 

m 

o 

rH 

CU 

CX 

o 


a 

Cd 



u 


p 

cu 


O 

o 


G 



■H 

P 



cx 


CO 

XI 

01 


co 

0» 

•rl 


00 X 

iH 

i—i 



a 

ai 

P 


p 

rH 

CX rG 


cd 

G 

cd 

P 

u 



o 


P 

XI 

co 

CO 

to 

p 

o 

P 

•rl 

p 



u 

p 

CO 

G 

a 

rQ 



to 

cd 

r* 


.993 






(0 

•H 

O 

rH 

X 

X 

X 

cd 

X 



<+H 

a) 

00 


rH 

rH 

CO 

G 

Cd 


a 

G 



o 

X 5 

G 

« 

U 

00 

•H 

to 


X 


cd 




•H 

•rl 

G 



O 


CO 

CU 

* 


i — » 



p 

> 

P 

O 

G 

oO 

0 ) 

* 

o 

p 

to 

X 

Sj 



0 ) 

O 

CO 

•H 

o 

C 

cx 

G 

pa 

o 

tu 

cd 

Ph 



to 

P 

rH 

P 


•rl 

to 

o 


0 ) 

a 

o 




ex 

P 

CU 

rH 

P 


•H 


X 

•H 

•rl 

o> 



a 


a 

rH 

01 

O 

0 ) 

P 

» 

X 

P 

to 



p 

rH 

p 

CX 

G 

0 ) 

rC 

CO 

p 

o 


>> 

rG 



<u 

rH 

o 

cu 

co 

cp 

p 

CX <H 

a 

<U 

rG 

H 



p 

•rl 

m 

XI 

cx 

<P 


•H 

co 


0 ) 

a 





> 




CO 


O 

p 

a) 

P 





00 


G 

CU 

rH 


• 

■rl 

o 

rG 

rG 

0 ) 

* 



c 

B 

•rl 

G 

(0 

to 

>> 

P 

01 

P 

P 

p 

x 



o 

CO 


o 

P 

p 

p 

P 

u 



P 

t — 1 



rH 

P 

<11 

N 

G 

CU 

p 

CO 

to 

<H 

o 0 

to 

G 




00 

to 

O 

0 ) 

p 

to 

CX 

cx 

O 

G 

<d 

o 



CO 

o 

P 


a 

0 ) 

•p 


CO 


•H 

0 ) 

<D 




p 


• 

G 

a 

a 

X 


G 


a 




cx 

• 

P 

p 

CO 

cu 

CO 

X 

O 

X 


U 



u 


to 

a 

01 

p 

,c 

G 

cd 

•rl 


o 

G 

<D 



•H 

00 

p 

a) 

> 

co 

u 

o 

G 

P 


p 



P 

o 

to 

m 

o 

cx 


■H 

O 

cd 

r 


•rl 



CT 1 W 

•rl 

tp 

DO 


XI 

P 

•rl 

P 

to 

0 ) 

O 



O 


P 

cu 

P 

<p 

G 

cO 

P 

01 

p 

p 

CO 



CO 

0 ) 

G 


0 ) 

o 

co 

G 

cd 

p 

cd 

cd 





JP 

<U 

cu 

p 



P 

G 

cx 

01 


rO 



o 

Eh 

•rl 

co 

G 

CO 

» 

0 ) 

P 

p 

>> 

to 

M 

cO 



p 


o 

P 

w 

p 

s 

P 

a> 

0 ) 


0 ) 





to 

o 


G 

cx 

c 

P 

P 

cu 

> 

G 



CO 

> 


rG 

0 ) 

<u 


•rl 

G 

G 

> 

•H 

•rl 



•rl 

a 

*o 

G 

rG 

a 

* 


•H 

•H 

•H 

P 

i — 1 




0 ) 

G 

0 > 

P 

0 J 

X 

G 



4 h 

U 

cx 



f N 

p 

co 

CU 


p 

< 

o 

P 

to 


cu 

•rl 



co 

to 


P 

<P 

p 



O 

P 

P 

•x 

U 



o 

>> 

« 

DO 

O 

to 

0 ) 

X 

rG 

P 

to 

rG 

CO 



pa 

to 

to 



CO 

X 

G 

P 

0 

td 

o 

•rl 



S — / 


p 

a> 

to 

cu 

p 

0 ) 

O 

x 


x 




X 

cu 


p 

a 


cx 


cx 


0 ) 

in 

0 ) 



a 

p 

X 

P 

G 



01 

X 

p 

o 

a 



0 ) 

p 

CO 


a» 

cu 

• • 

X 

G 

to 

p 

G 

p 



p 

CO 

a 

to 

a 

> 

to 


cd 



<u 

c 



to 

pa 


co 

0 ) 

•H 

01 

1 — 1 


p 

X 

•H 

•rl 



So 


>■> 


p 

to 

•H 

X 

• 

0 ) 

0 ) 

CJ 




00 

a 

o 

rC 

•H 

G 

p 

•rl 

G 

oO 

G 

CO 

X 

0 ) 




g: 

•H 

o 

P 

0 ) 

0 ) 

> 

cd 

X 

DO 




00 

p 

rH 

P 

cr 1 

.C 

to 


0 ) 

p 

•H 

to 

X 



G 


o 

to 

cu 

0 ) 


X 

CX jQ 

to 

<u 

P 



•H 

4h 

(X 


P 

p 

p 

o 

o 


0 ) 

•rl 

rH 



> 

O 


to 


CX X 2 

•H 

p 

cu 

X 

P 

O 



U 


p 

01 

0 ) 

a 

oo ,G 

p 

a 


CU 

G 

i 



cu 

to 

o 

to 

o 

o 

•H 

> 

pa 

G 

0 J 

to 

•rl 



to 

P 

4 h 

CO 

G 

o 

rH 



0 ) 

rG 


a> 

i 1 




o 


0 ) 

01 


4 h 

* 

• 

•rl 


s 



o 

01 

to 

o 

•H 

01 


to 

0 ) 

O 

X 


r 

co 

a 

* 




CX rH 

o 

a 

XI 


0 ) 

to 

CO 

X 


CU 


.c 

to 

0 ) 

p 

co 

•H 

CO 

•H 

0 ) 


•rl 

cu 


p 

CO 

XI 

cx 


> 

• 

P 

G 

a) 

> 

rG 

*n 

i i 

O 

H 


p 


O 


cu 

o 

D 

<u 

cd 

rG 


Eh 

to 

w 

P 

CU 


co 

to 

a 

1 — 1 

*G 

p 


to 

CX H 

to 



pa 

P 


(0 

P 

cx 

01 


cd 


a> 


•n 

00 


o 

CU 

rCt 



01 

X 

X 


•rl 

• 


O 

to 

P> 

cu 

•H 

00 

o 

to 

rH 

p 

o 


r 

P 

to 

a> 

o 0 

Eh 

tG 

P 

c 

rH 

rH 

rH 

X 

to 

G 

0 ) 

cu 

X 

CO 

ri 

< 

Eh 

p 

CO 

> 

CO 

g: 

DO rH 
■H 

•H 

> 

p 

o 

p 

O 

to 

cd 

to 

o 

•H 

fH 

VJ 

w 

lO 

<P 


o 

G 

4h 


to 

0 ) 

to 

rG 

P 

P 

3 

PQ 


o 

<P 


o 

1 — 1 

a 

01 

< 

P 

V 

rG 

CU 


Q 


O 

cu 


p 

co 

X 


c 

p 

DO 

cx 

CO 

OS 

os 

rH 

2 

a) 


p 

to 

<p 

p 

p 

X 

0 ) 

p 

•rl 


rH 

CO 

5 

> 

to 

co 

p 


DO 

r— 1 

c 

a 

CX X 

p 


•rl 

P 

a 

a 

a 

O 

o 

CO 

p 


<P 

cd 

to 

<u 

x 

00 

P 

G 

•rl 

c 0 

to 

P 

G 


p 

cd 


OJ 


pa 

O 

cu 

rH 

CX 

P 

CX 

•H 

>> 

p 

P 

* 

>> 


> 

a) 

a 

<J 

a 

oO 



p 

to 

cd 

P 

i 

Ph 

M 

•»”) 

cu 


•rl 

O 

00 

a 

p 

G 

X 

P 

G 

i 

H 

X! 

p 

rH 


P 

o 

to 

01 

*rl 


to 

a) 

<U 

rl 

o 

r* 

O 

O 

p 

CO 

G 

cx 

w 

p 

a 


p 

•rl 

cu 

W 


to 


CO 



dO 

•rl 

0 ) 

o 

B 

p 

X 

j 

»“3 

0 ) 

CO 

O 

a 

oo 

0 ) 

o 

p 

a 

1 — 1 

a) 

tp 

Eh 

•rl 

pa 


0 ) 

rH 

p 

o 

rC 

p 

X 

o 

o 

rG 

•H 

* 


o 

P 

a 

oO ,£2 

w 

H 

cx < 

to 

CJ 

o 

cp 


w 

0 


P 


u 
P 
0 
0 

X X 

C 0 CO P 
(0 fl» O H 
ti) W (0 
0) • 

X P DO G 
•H X G 0 
X co x ® 
o G u 
G •• ri O 
O W to 
0 <U 0 • 

x a) 0 

C n n 

OP 0 

^ « a) ^ 

M Ou 


0 

0 

H 

w 

u 

p 


0 


cx 


p 

4h 


• 

0 

O 

0 

0 

p 


> 

p 

p 

W 

X 

0 

w 

0 

P 45 


X 

0 

cx X 

X 

X 

w 

G 

X 

X 

0 

0 

0 

0 

a 


p 

p 

p 

0 

cx 


0 

P 


X 


0 

X 

c 

0 

45 

0 

0 

X 

CX 

u 


p 

w 

X 

• 


0 

p 

G 

45 

cx 

p 

0 

p 

0 

0 

X 

X 

p 

> 

p 

3 

p 


0 



X 

p 

0 

0 

G 

X 

DO 45 

0 

(X 

G 

p 


X 

0 


• « 

u 

45 

X 

p 

0 

U 

0 

0 

p 

X 


p 

cx 

0 

w 

0 



0 

> 

• 

P 

X 


c 

0 

p 

X 

0 

0 

p 

G 

X 

45 

0 

0 

p 


cx 


0 

X 

0 

• 

a 

G 

p 

G 

p 

0 

cx 

O 

0 



X 

X 

P 

X 

P 


G 

0 

0 

X 

0 

u 

u 

G 

P 

X 


0 

* 

a 

• 

X 

0 

0 

>> 

u 


45 

DO 


0 

u 

p 


U 


0 

X 

X 

X 

G 

G 

1 

G 

0 

p 

0 

0 


w 

0 


X 


w 

X 

O 

X 


0 


? — 1 

X 

w 

w 

X 

G 

0 

0 

3 

0 

p 

DO 



0 

c 

w 

• - 

0 

0 

0 

0 


45 

•H 

P 

0 

u 

p 

G 

G 

X 

0 

P 

X 

0 

w 

w 

a 



X 

0 

X 

25 

0 

X 

c 

Oi 

a 

0 

0 




X 

0 

X 

X 

1 

45 

G 

X 

p 

H 

0 

X 

X 



3 

0 


>> 



• 

oO 

w 

• > 

0 

P 

c 

w 

c 

0 

0 

X 

0 

C 

X 

G 

45 

0 

w 

0 

P 


w 

X 

0 

X 

X 

u 

a 

O 

a 


to 

<0 

45 

a 

G 

to 


X X 
G G 
P 
to 

(V 

O P 
P <U 
4: 
to cx 
• » p to 

p G 0 o 

cows 

0) X P 
S P to CO 
G *H P ' 
O X 0 G 
P X X tO 

x 0 <u 
> u 

G G P o 


0 


c0 
P 0 


G 45 
0 P 


0 

42 - 

P W 0 
0 0 P 
P W X 0 


>h 0 

P tO 
CO P 
P 0 DO 
0 45 O 
oO P u 
X CX 
G P 
4> 0 X 

0 0 
>> 8 P 
U G 
GOP 
0 P O 
oO G 
to >•* p 

p p 
X X W 
0 X 0 
GXP 
X XI 
CO G 0 
P 45 
p 0 p 


tG 

O 

0 

O 

U 

CX 

cx 


0 to 
0 


> 

o 

p 

a* o 

0 


to P 
o o 


w 


G 
o o 

P X 


0 

DO P 
G cd 
X 45 
DO P 
to 

0 00 
M G 


45 
P 
X 

3 0 
45 
* H 
42 o0 W 
P G 0 
X X 

P 0 P P 
P ,D 0 P 


0 


W (0 
P 


W X 0 


0 

a ■■ 
o 


_ G a 
p 41 o 
cx o 
0 o 
00 

G o0 0 


§ 

w 

w 

0 



‘V 

oO 

a 

w 

0 

G 

P 

O 

> 

X 

p 


a 

0 


0 

0 

X 

0 


P 

0 

p 


rG 

G 

p 

u 

u 

X 

p 

u 

X 


w 

cx 

G 

DO 

p 

0 

X 


3 

X 


0 

P 

1 

0 

0 

X 

P 

p 

p 

X 

X 

w 

0 

G 

0 

p 

X 


55 

w 

w 

0 

G 

X 

0 

45 

X 

1 — { 

w 

0 

0 


G 


45 

0 


cx 

P 

0 

X 

0 


u 

0 

X 


0 a . _ 

X to to 0 o 

popup 
P 0 X 

p 0 to 0 a 


o p 


0 *H 


p 0 45 p 

W W P o 0 

P 0 O rG 

o P XJ 0 cx 

P 0 00 to 

0^C/1OO 
U O O X 0 

*H X P3 ,0 P 

X 0 

CX0-- 
X G N W X 

0 X G G 

i-H O 0 


P 
O G 
P X 
0 

0 0 >> 
W rH 

G < x 
O 00 0 

(X < 

to z 


0 

p 


c 
o 

to 
to 0 


P 0 
O X 
, P 
P 0 
0 W 
X 

s • 
G co 
G * 
G> 


w 0 

X 


0 


0 


0 

p u x x 

0 X P P 

P G -rl ^ 

p 0 XX 
0 42 X G U 

42 ax o >> 

p w x u u 

O 3 

W CX X G 

P o to c 0 

0 p G 0 X 

P P O P 

0 X w 0 

a p p c u 

0000 

P 00 X X 
0 G x P 0 

cx o p g x 

X to x o 

P 0 X X 

c G > p 00 

0 X G P 

B x x w 0 

P x 42 

U P X X P 

O CO 0 

P X u 0 •• 

xxx 0 w 

G P P 0 

O X 0 to U 

0 0 P >> 0 

P o to P 

X o 0 O P 


X 
0X0 
G 0 


G O 


DO 
G 
X 

w 
0 
0 
p 

u 
G 
3 X 


to 

_ 0 

p AJ > 
W X 
0 X P 
0 P U 
P 0 

oO P *n 
OCX 
P 0 o 

CX 0 
CX 0 

0 o u 
X x c 

P 0 0 

> x 

0 0 U 
O X to 


p o x x P x 00 


o 

CX 0 

ex p 2G o 

G 0 cx, 0 - 

w o G 

to 0 0 o 

O 0 45 CX X 

p X P to P 

P 0 

► Q) * 0 P 

0 to DO 0 

G c X CX 

a 4 P x to O 

X 45 to • O 

G DO W 0 O 

G X O P 

X P 0 X 

0 p U X 0 

X X G 

G X 0 O 

x o 0 S x 

X « X P P 

X > P 0 0 

3 O O P G 

X P c p 

p x 0 x 0 

P O G P 

0 P a* to G 

P 0 0 X 

a 0 

0 45 oO >> P 

o H G X O 

X P 

G 0 

P X oO 

p o x 0 

^ A s x P 

' oO 3 G 

X X 0 0 

<2 X to > 

P 45 0 X 

0 P X 0 

45 CO X P 

P O 3 0 X 


0 

a, 

to 


P X 0 
X 0 P 
C p 
DO 0 0 
X > 45 

W O H 

w 0 
0 45 • 

3 p o 
o 

0 oO Cm 
0 G M 
P X 
DO O 0 
O G X 
P X P 
CX 0 
p p 


0 

o 


X 

X 

CX 45 

u 

0 

CO 


O 


G 

X 

a 

P 

0 

p 

0 

0 


>-• 

0 

3 

0 



G 

w 

X 

w 

fn 


P 

>> 

w 

•H 


X 

0 


. 

w 


P 

0 


0 

X 

> 

0 

c 

G 

X 

0 


0 

42 


X 

45 

0 

O 

G 

G 

0 

P 

P 


p 

P 

X 

X 

0 

X 

G 

0 



u 


p 

w 


X 

0 

45 

* 

• 

0 

G 

0 

w 

X 

cx 

a 

cx 

r-j 

p 

•rn 

X 

X 

H 

0 

X 

0 

w 


G 

45 


G 

a 

X 

u 

c 

0 

Oh 

0 

O 

X 

u 

P 

w 

0 

a 

i-H 

a 


0 

p 

CO 

0 

X 

45 

p 


G 

0 

P 

X 

0 

cx x 

cx 

0 

DO 

0 

U 

P 

u 

w 

w 

p 


* 

G 

p 

C 

X 




0 

45 

X 

X 

X 

0 

a 

X 

0 

0 

p 

u 

G 

p 

> 

X 

X 

G 

45 

45 

G 

G 

0 

G 

G 

u 

G 

0 

H 

P 

X 

w 

X 

Q 

0 

w 

W 


G 
p 

_ p 

P CX to 
X CX c 
3 0 X 

• P 0 
P P X 
0 0 CX 

DO P X 
X O P 
G 0 x 
X u G 

0 S 

cO CX 

to 0 

ON 

x G p 
o o 


S P 

O X 

G 
G 


0 

• 45 a 

w 

P 0 P 

0 45 0 


G P 

p a 

p * 

0 P X 
CX G X 
0 X 

a 3 

G 
p 
p 

to 
c 

X 


CO 


p 
0 
45 

p — 
O CO 


a 

0 

p 

00 

o 

p 

CX 

p 

0 


0 

p 

DO to 
C p 
X X 
p p 
G 

0 0 
B 45 
0 P 
X 

CX P 

a o 


X cnj 
G H to 
0 55 X 
G 

•X 0 

P ,-J 
0 
P 
0 
8 
O 

P _ 
P x 
U P 


00 

G 

X 

G 

G 


0 G 
a o 


to x P x co u 


0 p 

0 x xu 

P 0 • G 0 

X G p 0 o 

0 G P 0 

0 0 « CX 

X x p 00 to 

P CX u G 

o 0 X to 

> G u to to 

O 0 W 0 

p x cx O X 

o P W P u 

0 O « 

0 G G X 
oO X O X X 

0 X 600 
p S S x S 

G o O p W 

0 u u o 

> p 0 

X P 0 0 P 

0 G G 0 

0 0 cr 

S S to 0 W 

G G G G 
e p go 

X P O O X 

X W P o w 

0 G GW 
S x x P x 

00 s 
oO 0 C P 

G G 00 P P 
X O' X 0 0 

r* X W 45 
0 G 0 G P 

1H G X 0 o 


G 45 
0 00 0 
00 G 
0 O X 

X p 0 
45 P 
p p 0 
P X 
0 w cx 
w S 
0 o 
P u 
DO 

, O P 
CX P c 

w cx 0 
0 

1-H o 

• p 


p 

u 

0 

u 

0 


0 

45 

p 


p 

0 

X 

0 

p 


G 

p 

p 

w 

G 


X 
0 
G 
G 

X ^ 
P CO 

c w 
•• o X 
W u W 
0 O 
o to ^ 
p 

c a 
0 0 
a p 
G w 
p 

U P co 

0 w 
P G 
P X 
0 

G X 
G 1 


c 

•rl 

0 

xl 45 
0 p 
G 

C X 0 

X c 05 
P 0 


>> 

oO 

P 

0 

G 

W 

P 

G 

0 

X 

X 


G 


DO 

X 

X 

G 


0 

M 


w 


W 

X 

C 


w 

0 

0 

0 

p 

0 

0 

X 

u 

cd 

- 


- 


G 

O 

• 

■* 


45 

p 

0 

p 


0 

X 

M 

W 

p 

w 

^ P 

u 

0 

45 

CX 

P 

cx 

p 


. . 

p 

G 

55 

W 

w 

0 

P 

DO 


X 

P 

0 



0 

0 

X 

0 

45 


0 

p 

X 

P 

w 

u 

P 

p 

X 

0 

cx 45 

X 

X 

u 

0 

u 

X 

p 

w 

G 

0 

>> 

0 


O 

p 

P 

X 

0 

0 

42 

0 

p 

0 

X 

X 

45 

u 

w 



w 

0 


G 

X 

P 

P 

p 


w 

a 

X 




r— 1 

P 

X 

u 

P 

X 




cx 

0 


0 

0 

4*! 

r— > 

X 

P 

w 


G 

O 


c 

P 

P 


45 

2 

45 

P 

P 

cd 

G 

G 

0 

p 

X 

P 

p 

CO 

w 

O 

c 

P 


O 


O 

0 

0 

0 

u 

X 



c 

< 

0 


X 




■ 

3 

cx 

W 

u 


G 

0 

45 

0 


45 



P 

0 

0 

P 


V s 

X 

X 

w 

45 

u 

a 


DO 

G 

>> 

O 

45 

45 

P 

* 


X 


w 0 o 

X X X 
U > O 
p 0 
0 05 0 
X 45 
0 G H 
oO 
oO X 
G W • 
X 0 0 
G Q 00 
G 
0 


0 


>> P 
P w 


cx 0 
0 G C 

P X DC 
a x 
0 X w 
45 X 0 
P 0 X 
P 

45 CP 
P 


P 

S 0 
3 0 G 
P x 
p w B 

C >> X 
0 W X 

P X 0 
PGP 
G W CX 
U 

G 0 0 
o 45 45 
O P P 


successful PDR, and the Canadian Space Agency selected the development contractor for Measurement of 
Pollution in the Troposphere (M0PITT) . the last AM-1 instrument to enter the full-scale development phase. 
NASA has issued directions to implement the replanning/rescoping exercise changes. Definition-phase 
contracts were awarded for the common spacecraft buy for the follow-on flights. 
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In FY 1994. the EOS science principal investigators and science facility teams continue development of the 
EOS science and analysis algorithms. They also continue to support the EOSDIS development by defining 
science requirements of the EOSDIS Gore System algorithm development tool kits due at the end of calendar 
year 1994. Phased deliveries of the tool kits throughout 1994 will lead to the preliminary science software 
for AM-1 in 1995. The science software deliveries are critical items toward achieving the final data 
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The Measurement of Air Pollution from Satellites (MAPS) experiment is a gas-filter correlation radiometer 
designed to measure the levels of troposphere carbon monoxide and the extent of inter -hemispheric mass 
transport in the lower atmosphere. The instrument was flown successfully on two Shuttle flights. It is 
planned for two more STS flights in 1994 to provide the first observations of the global seasonal variation 
of carbon monoxide in the Earth's atmosphere. 
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global processes. Emphasis will be placed on specific pilot studies such as those understanding the 
biogeochemical processes controlling the concentration of atmospheric methane, characterizing changes in 
properties of the land surface and their effect on climate, and understanding the role of the oceans in the 
global carbon cycle. 
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The Ecosystem Dynamics and Biogeochemical Cycles program conducts research ^on the function of global 
ecosystems and the interactions of the Earth’s biota with the atmosphere and hydrosphere. Particular 
emphasis is placed on understanding land atmosphere interactions and the carbon cycle. The two principal 
components of the program are the ecosystem dynamics program element and the biogeochemical processes 
program element. 
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In FY 1994. OACT will complete the refocus of its programs and begin a more aggressive pursuit of the 
transfer of technology from NASA to the private sector, enhanced partnerships between the private sector an< 
NASA, and development of critical technologies essential to future NASA and commercial missions. Following 
is a description of the OACT activities, the Space Research and Technology program and the Commercial 


The overall goal of the Space Research and Technology program is to provide advanced, enabling technologies, 
validated at a level suitable for user-readiness, for future space missions. To achieve this goal, the 
Space Research and Technology program will continue to support a broad -based activity to advance the state - 
of -the-art at the concept, subsystem and system level; to develop technical strengths in the engineering 
disciplines within NASA, industry, and academia; and to perform critical flight experiments in areas where 
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contributing to our National competitiveness. The FY 1994 Space Research and Technology program will 
continue to assure the effective development of the advanced technologies necessary for our Nation's future 
space missions. The narratives that follow discuss in greater detail highlights of FY 1993 accomplishments 
and planned FY 1994 activities. 
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The space platforms technology thrust is primarily concerned with providing the technology needed for fu 
space platforms for the following mission classes : unmanned Earth orbiting platforms in low~Earth orbit 

geosynchronous Earth orbit, manned Earth orbiting platforms (space stations), and deep~space platforms, 
overall technology goal is to enhance future science, exploration, and commercial missions by providing 
lightweight, durable, stable, and accurately pointed platforms, and highly efficient platform utilities. 
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Areas addressed by the Information and Controls program include computer science, sensors, photonics, 
controls, guidance, automation and robotics, and human factors. In the computer science area, the thrusts 
of the research program includes access to and management of very large scientific data sets and real time 
hardware and software for the Kennedy Space Center (KSC) Orbiter Processor Facility shop floor automated 
system; software engineering tools for generation of very complex and reliable software; and innovative an 


03 O P X 
•r-> p © G 

x co <d 

O T) ^ 

COO) 


4J p . 

G G >y G 

4) 4) P O 

O s P X H 

G CX G 43 P 


cd co o cd 
S ^ G 

H CX 43 H 
P <U H G 
Cx U 03 DO 
G W 
0) O 

rG O >> O 
H oO 
a u a) 

03 43 N 

* X G *H 
CO CO 4) CO 
H 

O CO ,G 0> 
U 00 x! 
p X *H P 
G G rG 
O fl 0) 
U P X 
CO O G 
O P 4-« P 
■H C *H 
00 4> CO C 
O G 43 oO 
H o o cd 
cx h a 
a > 

N O 43 <P 
N O X O 
G 

<P O CJ (0 
•H *H P 
P G G a) 
cd o o x 
a) p p p 
G -m p o 

H O CJ 


a> o cd o 

o > u H 

p <u a) cx 

x) x! a) X 

a) p p o) 

G <d 

G ,G O tH 

•H p p cd 

P tH G 

G x P a> p 

O G CO > P 

o cd a; -h *h 

p p > 

H P 43 O 

H G P 4) P 

♦H 4) G H O 

a *H H 4-1 

43 O 

^ O0H cj D 

o cd cd co 

p g o ,G cd 

cd cd H 0,0 

4) 0 P h 

co H rG cd 

43 X p > P 

p p o cd 

H 0} X 

► cd 4-i 4) 

CO 4) O G <C X 


p q) a g • w 

OH 43 X H 
X5 OH O P H 

O *rl rO d) -H G 

P ,G o P H cd 

4> P cd P 

t) > aP a) w 

G O P 4) 

cd W 4J 

o X P H G 

G H P 4J Cd 4) 


O P 
H O O 


CO H 43 

O ,0 


p p cd h 
cd O <p co 

a p a) 4 h h cd 


N X G 
•H <U *H O 
CO O CO P 

cd G G 
G id <i) w 
CX > CO H 

a x 

4) cd X H 
G cd 
w cx cd o 
a) o oo 

rG H P 
O 0) O 43 
cd > CO ,G 
O 4) G P 
P X 4) 

CX CO - 

cx o cd 

Cd P H 4) 

cd p 
' G w o cd 
O *H *H 
H P CO 
P X Cu H 
cd o o o 


O 43 H 

p h ,n 


o P ,G 

p 


G 43 cd P Cd P 

Cd P o G G 


H 4> P 4) 

G P h a o a 

H P CX CX G 

O CX O C O 

a cd H O P 

• CX 43 H H 

P G W > P > 

4-i W P 4) cd G 

cd CX X P 43 

U O 4> CO 

U P O 4) X O0 

43 C ,G P O 

0 W O P O H 

cd a o > cd 

CX CO G G 

W *H P P cd 

1 G G G ' 

O Cd 4) 43 03 ,G 

p x oo x) a p 

u o «h cd G P 

•H 43 H a O Cd 

Ban P W 
4) 43 H 


43 O 
> 00 X) 

cd G 
£ d> cd 

• rG 

4) P H - 


H 8 <0 H 

43 H S P 
P H 0) 43 

Cd H P 4-» 
0) H CO H 

a >> h 

G w 

•H G X) 
G CO 43 
4) cd G XJ 
O o G 
G 43 H 4) 
43 > P P 
G Cd Cd X 
•H > U 43 
8 O H 
43 P G 43 
43 O G > 
P H 3 Cd 

cx a a rG 

o 

*4-10 • 

CO O P 


Cd H H 

<1) O o 

O P O H 

cd a 4-1 

C p 

O (!) G 4) 

•H ,G G 
p p cd p 

cd 43 

> G CO > 

P o c o 


43 43 P XJ 

P CO Cd G 
cx G o cd 

O H 

43 O C X 
,G CM G P 
P SXJ 

*g a h 

o O O > 
P P U X 
cd G 
CO 4) H cd 
4) to cd 
p 43 O 
G P H 43 
,0 P P 

•h x cx cd 


CO 

0) 

cd xj 

o 

>> o 

4-( ^ 

O XJ 
xJ G 
43 43 Cd 

H CO 
jo cd co 

cd 03 a 

CX P 43 

cdox) 
O G O 

h a 

p 

4) G XJ 
•H 4) 4) 
4-1 4) 4) 
•H O CX 
H CO 
CX 43 

a > x 

cd cd o0 
X! H 
03 X 
X >> 

G o 4-i 
IP G O 
43 

a 4> h p 
! > O G 
i Cd -H 43 

• > <h a 

i 4-1 CX 
O0 0) O 
l C H 
i *H XJ 4) 

1 H G > 
4) cd OJ 

3 > X) 

i cd p 
I P 03 43 

I P > X 
I O P 
I X? CX 

I G G 
x cd >> o 
i O 
I • G CO 
Cd 03 43 
I X G CO 
3 o 4 G 
: . 43 O 

> >> P O 
X O 4-1 4-1 
G 

I 03 O S 
0 H *H 00 
3 O TJ O 
; h cd h 
4-1 P O 


HO) CQ 

I P oo X 

P H G 

43 • G rl O 

P CO cr 4 P Csj 

G G 0) G «n 

a o p xj 


CJ cd 03 P 4-1 43 

O H G OP 
4) *rl 00 43 G 

CO H O B G Cd 

G CX H O 

0 CX O CO H P 

*G Cd G -rl P O 

1 rG h Cd P 

c J4 o cx o o 

H P 4) a -rl 0) 

O P O P H 

Cp > CJ ,Q 4-1 

O P XJ O Cd 43 

4) 43 Cd 4-1 P 

4) G P 

CO cd 43 XJ H 

G H P G 4) H 

cd o0 a 4 P cd 

03 P 43 *H 4) a 

> G P G H W 

*H 43 G G CX 


CO G H 
G 


a xj 

4) O G 


4) XJ 43 X O Cd 

P G ,G H rO 

X cd P • ' 

4 ) > cd 

6 CX • (D ^ 

-- 43 O CO H 

H P H X > cd 

O CO 4) C 03 

P >■> > *H P 4-1 

-M CO 4) H O 

G X) CO G 

OP CO DO G 
O P O O -rl O 

4) P P CO H 


X CX U 
P X W 
O 43 -H P 


O 43 P 
X) <J 


4) XJ P 
rG CO G P 


4) p o cd cd co 

C O P H C 

CO cd GO 
CO CO 43 43 o0 (J 

G 4) CO P H 

O O 43 H CO XJ 


a O P 

O P 


H 43 43 

H XJ P 


G CX CO 03 43 

O O C P H H 

-M p O cd Cd CX 

G O H CO G a 

cd H P HO 

a cd P 8 cj 

XJ OOP 

G p H 4-t 03 43 

cd o G XX 


P 4) O 43 
DO X H H 
O H 03 O0 
P > O i 

CX 43 H 

. * XJ O 

. 43 >> G 
rC d 0 CO rG 


G > co 
H C 
43 CO 


p o cd 
cd cd p 

p cx H 


4) H cd p 

O P O P H 43 

O G H 43 O > 

P P > H 

Cx 43 CX -rl G 03 

P O 0) O O 

00 cd U *rl 43 

G 43 W P P 


O P a H G H 

4) O 4) Cd Cd H 

p Px rC o o G 

O *H *H Cm 

> a ^ 

43 * G 4) H cd 

G P H rG G 


p 

cd o 4) 


O oo DO 
H G 


CX CO P CO H 

cx cd p cx 

JD G rO o P O 

CO cx O H 
XJ ^ CX 43 

43 43 00 G 03 > 

TJ P O CO P 03 

*H H H Cd X) 

Cd H O CD G 

G P H G 

43 P rG H a o 

rO O U H H CX 

P 0> H G 

H P CX 43 

H CO O XJ 

H X> Cd O O 43 

> O H P O 

rG 4) » Cd 

CO P XJ XJ G H 
P 43 H : 43 O CX 

G a > W H 

cd o o p co 

c H PH cx cd 

o o o, o a > 


p p 
P P o 
CO G P 
cd o 


G 

CO CO 
- G H 

co o co 


u co G o cd 

H O rG 

X H H > CX 

Cd H CO 43 a 

CO a Cd CO P 43 

G p o H O 
O 43 O0 B TJ 

H rG P 4) 


P P 43 43 O CO 

Cd J2 U P Cd 

P > P cd 43 

43 4) CX P P 

CX G - CO 43 a 

O CO P G 

XJ a G Cd H 

P G 4) Cd > 

cd - cd P 0 

h co G xj co 

G G rG G O' 

cj oo co cd ctn 

■H H 4) H 


03 

co 


p 

CJ 


rG 

H 

0) 

rG 

G 

43 


p 

G 

CO 


p 

rG 


G 

< 

G 

G 

» 

CJ 

X 

> 

oO 

43 

P 

- 


a 

a 

4) 


4) 

oO 

o 

oo 

o 

cd 

p 


cd 

H 

•rl 

a 


W 

X 

a 

4) 

H 

X 

> 

o 

o 

<; 

u 

> 

C 

rG 

p 

03 

rG 

G 

CO 

P 

43 

o 

p 

H 

G 

cd 

H 

p 



X 

43 

> 


O 


o 

a 

o 

N 

CJ 

CO 

rO 

cd 

p 

cd 



a 

cd 

a 


4) 

4) 

cd 

P 

43 

co 

H 



o 


P 


43 H P CJ 

DO d) O >> ■ 

. p cx a co 

a P H CX 43 P 

Cd Cd H G p G 

PH CO 43 

00 G XJ 43 a 

O O G O XJ 4) 

PH cd P H P 


H 

o 

w 

G 

G 


G 

cd 

Hi 

o 



H 

43 

03 

G 

H 

CO 


•rl 

rG 

4) 

p 

cd 

H 

CO 

CX rG 


CO 

> 

•rl 

p 

cd 

•H 

o 

03 

•H 

c 


o 

P 

P 

H 


c 

cx x 

(J 

•H 


p 

cx 

G 


4) 

H 

O 

G 


p 

X 

P 

•H 

. 

G 

CO 


O 

• 

o 

4) 


P 

P 

p 

P 

a 

O 

P 

> 

O 

43 

P 

a 4 

CO 

co 

H 


43 

G 

cd 


CO 

rG 

>> 

oO 

> 

oO 

a 

43 

43 

•H 

•H 

o 


o 

•rl 

P 

cd 

P 

G 

Cx 

43 

p 

p 

cd 

CO 

> 

cd 

CJ 

CO 

43 

U 

CO 

G 


G 

03 

X 

rG 

> 

H 


H 

CJ 

P 

O 

p 

P 

a 4 


P 

c 

o 

•H 

0) 

H 


H 

X 

•H 

4> 


H 

X 

•rl 

X 


H 

CO 

•H 

43 

cd 


cd 

o 

p 

G 

H 

H 


4) 

CO 

o 

G 

P 

03 

C 

o 

CJ 

P 

r — 1 

H 

c 

rG 


43 



O 

> 

o 

43 

CJ 

a 

X 

O 

G 

H 

>y 

G 

G 

•H 

c 

CJ 

U 

G 

rG 

G 


cd 

rP 

cd 

o 

CO 

rG 


X 

cd 

•H 

•H 

rG 

•rl 

G 

4) 

CJ 

rG 

•H 

H 

O 

cl) 

P 

•H 

cd 

cd 

a 

p 

03 

CO 

p 

cd 


p 

cd 

p 

• 

G 

p 

P 

p 

P 

G 

CO 

43 


CJ 

> 

Cu 

CX 

CO 

•H 

P 

p 

p 

a 

0» 

DO 

G 

•rl 

c 

p 

•rl 

> 


O 

cd 


CJ 

cx 


G 


H 

43 


cx 

a 

P 

G 

4) 

p 

o 

a 

Cd 

O 

DO 

43 

rG 

* 


c 

> 


G 

43 

o 

4) 
€ . 

a 

ea 

G 

P 

cd 

i 1 

P 

CO 

G 

tn 


U 03 Cd U C CO 

O H 

CO G XJ CO CO 

H Cd 0) CO H P 

o > o 4) cd cd 

P xJ G P G 

P cd cd oo p 

G > O P 03 

O G X P H X 

cj O cd CX > P 


p p TJ CX H 

G Cd O 43 

03 O * H > 

g H CO CD 

G C <D > G 

P G CJ 43 H 

43 8 H X 

> a > > 

O O 03 o O 

O0 CJ X P H 


U O *H G CX 03 O 

GoOPHCOOO>U 
Cd G O P Q) H 

a H CdX^OJCSH 

PPPB P>o s >cd 
ocdopxcd 4J on o 

PPPOOJBXHH 
P 43 O P X H P 

(DCXCdGHPOHCX 

exOPH Cd Cx P P o 


0 CO G oo H 43 

G co 43 c oO P 

3G 03 a -H O 

P G co H G 

4) CX O CO O O 

rG • P 03 G H 

P rG H U rG CO 

O0 > O O CO 

G H G p 0) H 

H rG 43 CX P B 


o> to a) co 

> G p p 

fl) TJ -H O 
TJ *H H a 
> H 
>> *H X> O 
oo*d ai o 

> o d *-» d 

; x *h cd x 

I o p 

a 00 DO rH 

: x c <u x 

i CJ X P X 

i a) p d > 

} +J o H 

I 4) X 
i p p q o 

> o « <! x 

U tO X X 


O X W X 
CU tO >r P 
a a w 'H 


to to 



si 

0 

01 
c 
X, 
ol 
a> 
E-* 

-Ol 

d 

CO 

X 

o 

p 

(0 

<U 

W[ 

a> 

<*[ 

*H 

X 

U4 

4) 

o 

CO 

5f 

a) 

X 

P 

x 

d 

cO 

0 

(0 

P 

o0 

O 

P 

Cu 


O 

P 

X 

c 

cO 


to 
0 
cO 

P . . 

oO P 


P 

a> 

H 

O 

P X 
X > 
oO (0 
X P 
X P 


0) 

X 

P 

P 

o 


o 


d> 

<u 


P 

p 

X 


o 

X 

X 

cu 

(0 

4) 

co 

(0 

DO 


X 

a 

cu 

p 

X 

X 

o 

4) 

to 

d 

rH 

4> 

p 

P 


4) 

P 

(0 

4) 

P 

4J 

0 


cd 

g 

X 

X 

d 

4J 

X 

a 

w 

P 

o 

X 


o 



p 

d 

X 

o 

4J 

d 

•rl 

X 

d 


X 

o 

> 

o 

d 

p 

p 


d 

d 

o 

o 


CO 

4) 

X 

p 


d 

X 



00 < 

o 

P 

DO 

to 


o 

p 

a 

cO 4J 
P X 
oO o 
O X 
P X 
(X 0) 
> 


GO 


•H d 


<U 

X 

p 

p 

<x> 

> 

o 

x 

0) 

p 

o 

<u 


p 

o 

d 

GO 


X 

£ 

4) 

a 

P 0) 

p 



X 


to S 

o 

X 

o 

a 

X 

x X 


4) 

p 

d 

X 

X w 

0) 

CU 


d 

to 

a) x 

X 

o 


cd 


X 

p 

X 

p 

rH 

p 

P cu 


4> 

p 


o 

o & 

p 

> 

w 

CO 

p 

o 

o 

4) 

d 

to 


00 U 


X 

X 

> 

cd 

d o 

p 


d 


p 

X cd 

p 

to 

X 

P 

co 

p 

(0 

4) 


c 

X 

CO p 

cu 

X 

p 

4) 


X 4) 


DO 

o 

0 

oO 

cu x 

CO 


X 

o 

p 

c0 

0) 

0) 

0) 

p 

CO 

to 

<0 

(0 

•H 

a 

d 

H 

O 

u 


oO P 
d P 


co 

Q) 

X 

4) 

X 

p 


<D 
O 
d 
to 
a 

p 

o 

p 
p 
4) 

Cu P 
O 

DO P 
d 

•H 0} 
O* X 
O 01 

x 
o 
a 


s>> 

p 

p 

d 

<u 

0) 

p 

-o 

d 

to 


to 

p 

•rl 

X 

p 

o 


cO 

•H 

X 

a 

d 



G 

a) 

o 

•H 

d 

< 

(U 



X 

•H 

p 

CO 

p 

X 

z; 

> 

p 

CO 

4> 


d 


4) 




d 

p 

p 

p 

cu 

O 

a 

, p 

a 

X 

<u 

cd 

a 

d 

u 

P 

X 

o 

o 

CO 

a 

X 

4) 

4) 



w 


p 

p 

X 


rH 

CO 

X 

CO 


d 

p 

d 

p 

<U 

4) 

a; 

X 

4) 

> 

o 


4) 

4) 

X 

to 

p 

4) 

X 

o ( 

•H 


a 

cu 

P 


cu 

X 

DO 

o 

P 

DO 

d 

X 


DO 


P 

o 

X 

cd 

o 

o 

cu 

P 

d 

4) 


X 

o 

X 

X 

p 


o 


c 

x 

CJ 

4> 

H 

4) 

0 

to; 

01 

GO 


•H 

d 

p 

d 

p 

<u 

p 

d 

<U 

4) 

X 

CO 

cO 

X 


P 

X 

DO P 
X O 
H 
P 


to 

•H 

X 

H 


P 

P 

(0 

P 

CJ 

4J 

u 

(0 

CU 

to 

p 

d 

4) 

•H 

a 

•rl 

P 

P 

4) 

4) 

P 

O 

a 


CM «H 

<Js . 

0> GO 
rH H 
t/3 

OD 

d 
d 
*“3 


d 

x 

GO 

4) 

X 

p 

p 

o 

4> 

O 

d 

(0 

a 

p 

o 


oO 

d x 

•H CO 
d > 
oO 

X P 
CO O 
4) P 
x 

<0 
p 
CO 

x 


-d 
4> 
d 
p 
d 
p o 
4) V 


X P 


4J 


d p 

<o P 
d 

x X 

4J 00 


4) 

O 

c0 

Cu 

co 


CU 

X 

p 


p 

X - 
oO P 
*H P 


P 


4) CJ X 


P 
d 
cO 
P 
P 

o 

Cu 

a x 


•rl W 

CU <0 
04 O p 

d 


to 


4) 

> 

cO 

X 


X CM 
pq 

o Os 


P *rl 
4) P 
CU 

X 4) 


(0 

X 

t — I 

c0 

3 


w 

X 

o 

p 

cO 

4) 

CO 

4} 


a 

CO 

d 

s*. 

xl 

o 

a 

p 

CU 

X 

P 

o 

p 

4> 

cO 

X 

d 

cO 


o 

rH 

T3 

4J 4J 


X 

-t-* 

d 


, 


4J 

ON 

CJ 

. 



0) 

P 

CO 

X X 

to 

N 

o 

• 

d 

p 

P 

ON 

4) 

p 

P 


P 


X 

O to 

<u 

•H 

V 

CO 

H 

1 p 

CO 

i — 1 

CJ 

p 

o 

d 

P 

g 


>> a 

X 

X 


a 


o 

d 


(0 

(0 


o 

(0 

4J 

o 

u 

o 

X 

to 

4) 

Q] 

1 cu 

<0 

4J 

CU 

p 

d 

X 

p 

p 

P 

4) d 

4J 

p 

co 

P 

X 

; cu 

p 

d 

C0 

o 

DO 

p 

CO 

to 

u 

P 4) 

CU 

d 

4J 

CO 

p 

1 d 

p 

d 


4) 

X 

tO 

X 

>> 

X 

4) 

CO 


u 



CO 


X 

*•— ■> 

a 

to 

p 

to 

a 

P 43 


X 

o 

CO 

p 

4) 


w 

<0 

a> 

4) 

w 


O 

X 

4> 

p 


c 

i o 

X 

d 

> 

Cu X 

X 

o 


X 

to 

CO 

43 

cu 

p 


p 

p 

H 

d> 

CO 


4J 



o 

•rl 

a 

cO 
d 

X x 
x w 
o o 


d 

cO 

d 

4J 

4) 

X 

4> 

> 

cO 

X 

CO 

P 

d 

4) 

a 

•H 

P 

4) 

Cu 

X 

4) 


P 

O 

P 
P 
cO 
Cu 

co 
oO < 
o 

p 

cu • 
CO 


4J 

d 

d 

x> 

d 

X 

P 

x 

oO 

•H 


p d 

0 CO 
cu 

01 x 

d co 
to o 

•rl 

4> a 

P 4) 

•H x 
X U 


d to x 

o x x 

•H O 
P CO P 
o. w (J 

a 4) 

d p 

If} DO 

d o x 
o p d 
o cu to 


p 

to 

CU 
p 

. a 
a o> 


p 

0 

01 


cd cu 
d 

p to 
o 

(0 0) 

d p 

0) X 
to X 


4) 

to 

O 

CU 

p 

d 

cu 

0) 

X 

Eh 


X 

o o 
P co 
Cu P 


to P 

a 4) 

t0 P 
P o 
oO x 
O cu 
p X 

CU W 


4) P 
X 

o o 

X LO 
X 1 
4) GO 


H 

GO 

4> 
X 
p 

a 

o 

_ p 

CU P 

to 


cm d 


co 

p 

CO 

X 


CO 

p 

d 

<u 

a 

x 

p 

4) 

cu 

X 

4) 


4) 
> 
0 ) <0 
Cu X 
X 

cu co 
P 
d 
4) 

a 

X 
p 
4) 
CU 

X 

a) 


CM 

ON 

ON 


4) X 


P 

tO 

4) 

X 

O 

3 

P 


P 4) 
P CO 

to a) 
P X 
a H 
4) 
a 

to • 

cu s*> 

to x 
4) 
> 


X 

t0 

•rl 

X 

4> 

P 

-d 

d 

to 

p 

d 

4) 

X 

o 

X 

p 

p 

4) 


d 4) 


P 

0 

p 
to 

a 

4) 

P 

to 
>> 
to <N 

ON 
p On 
d x 
4) 

a ^ 

01 4) 
oO X 

co a 


CO 
X 
p 
4> 
p 

to 
a p 
o 


>> p 

X o 
X p 
oO 

X X 

X <i> 
d 
d 
to 


p 

p 

d 

x 

GO 

4) 

X 

p 

X 

P 

CO 

o 

X 

d 

o 

X 

a> 

X 

to 

X 


P x) 
o a> 
p 
d 4) 
oO X 
X 


X 

4) 

P 

U 

4) 


d 

x 

XJ 

<v 

d 

to 

to 

X 


>> 

4) 

£ 


>> • 
P m 


to 

4) 

xJ 

4) 

X 

p 

p 

o 

p 

XJ 

4) 

XJ 

4) 

0J 

d 

4) 

P 

CO 


CU X 

a a) 
O to 
o 


OS 

Os 


d 

o0 

•rl 

to 

_ 4) 
DO XJ 
X 


d 

cd 

a 


cd 

a 

p 

4> 

X 

p 

TO 

CU 

O 

d 

co 

> 

xj 

to 

p 

o 


X 

to 

4) 

XJ 

4J 

X 

p 


4) 

O 

4> 

Q 

*d 

d 

(0 

p 

4) 

X 

O 

P 

a 

o 


4J 

X 

p 

p 

o 

p 

XJ 

4J 

x) 

4J 

4) 

d 

4) 

to 


a x 

^ a 
x 

■S 

(0 
d 
4) 

a 
o 
d 
a> 
X 
cu 


CX CO 
X x 

CU 

to 


X 

> 

to 

p 

d 

4> 

a 

X 

p 

cu 

cu 

X 

4) 

> 

4) 

d 

p 

p 


x 

d 
p 

p a) 
o P 
cu (0 
CU X 

o 

c 

P X 


DO 

d 

X 

p 

p 

co 

p 

to 

X 

a 

d 

d 

cd 


d 

o 

x 

p 

cd 

p 

co 


P 4) 

o a 
P‘ co 
cu 
GO 


4J 
X 

CU 4) 

S ^ 
o d 

o co 
co 

O 4) 


p 

X 

0) 

X 


o 

P 

CO 

to 

<u 



d 

4) X 

p 

>> 

o 

P 

p 

d 

X 

cu 



(U 

4J 

CO 

4) 

X 

a 

P 

4J 

X 

d 

CU 

(0 

P 


cO 

o 

a 


O 


X 

X 

d 

P 

• 

4) 

X 

X 


CO 

> 

o 


X 

4) 

4) 

p 

X 

4) 

X 

X 

cu 

4) 

P 

O 


Cu 

> 

O 

X 

4) 

CO 

X 

4J 

X 

P 


4) 

ex 

4) 

<0 

» 

CJ 

X 

> 

> 

d 

4> 

4) 


X 

o 

P 


X 

P 

X 


4) 

CJ 

CO 

p 

CO 

P 

d 

X 

X 

X 

CO 

d 


X 

tO 


(0 

4) 

X 

CO 

CO 

i — l 


O0 X 

d p 


to 



X 


P 

p 

u 

on 


cu 

X 

co 

d 


oO 


Dm 

4> 

Os 



p 

X 

•H 

p 

d 

to 


X 

ON 

• 

m 

4) 

d 


o 

X 

P 

X 

X 

H 

<r 


cu 

4) 

4) 


p 

d 

d 

o 


Os 

CO 

X 

cu 

X 

to 

4) 

4) 

to 

CJ 

>< 

Os 


4) 

X 

P 

o 

4) 

a 

Eh 



iH 

<u 


a) 

P 

X 

d 

X 


d 



X 

> 


d 

p 

X 

p 

QJ 

o 

O0 

P 

4) 

• 

X 

to 

o0 

4) 

X 


d 

P 


d 

<u 

GO 

X 

d 

CU 

p 

X 

X 


e 


X 


p 

4J 

X 


4) 

p 

d 

o 

4) 

p 

4) 

4) 


w 

p 

CO 

d 

X 

p 

CO 

p 

X 

P 

4) 


O 

d 

Q 


p 

CU 

d 

P 

a 

X 



o 


X 


X 

X 


co 

P 

• 

P 

o 


a 

>> H 

C/3 

d 

P 


4) 

X 

p 

• 

d 

X 




cd 

X 

u 


CU X 


<M 


4) 

X 

P 


4) 

CO 

a> 

G 

p 

4) 


>> 

co 

P 

4> 

to 



ON 



p 

CJ 

O 

<0 

X 

4) 

rH 



a 

p 

p 

>> Os 

d 

P 

G 

cO 

X 

P 

o 

CJ 

X 

d 

X 

X 


o 

P 

1— 1 

o 


4J 

CU 

p 

•H 

d 

d 

(0 

•H 

d 

p 

CJ 

p 

•H 



>> 

6 

to 

c0 

X 

d 

to 

p 


o 

4) 

X 


X 

p 

g 

X 

4J 


P 

*H 

tO 

a 

4) 

CO 

CJ 

cu 

d 

X 

X 

4) 

3 


> 

4) 

0) 

CJ 

X 

p 

X 

a 

cu 

X 

<u 

0) 

X 

X 

O 

CO 

o 

P 

X 

CO 


o 

X 

4) 

to 

4J 

DO 

X 

X 

a 

X 

p 

p 

d 

4J 

P 

4> 

p 

CO 

P 



o 

X 

CO 

4) 

p 

to 

cu 

p 

o 


P 

p 

d 

CO 

4) 

<U 

So 

to 

(0 

s> 


4J 

B 

d 

CJ 

O 

4) 

4> 

o 

So X 

X 

P 

4) 

<u 

O 

4> 

So 

X 

p 

(0 

H 

> 

CU 

o 

co 

P 

P 

u 

P 

p 


X 


4) OJ 

o X 

Cd P 

cx c 
w to p 


^ * 0) 

a) Q p 

^ O -H 
Q nO 
G ® 

o * p 

< 

W CO u 
G < O 
o 2 ^ 

TO 
P C 
O <TJ 

o p 

4j a) 

w P 
G td 
O X 
X G 
0 
W P 
>h X O 
P4 0 ‘H 


no 

G 

to 

P 

C 


G 

o 

DO 

a 

•H 

W 

G 


G 

O 

X 

V 

to 

p 

p 


p 

o • 

P w 
0 

w 0 ) 


o 

p 


CO 

ON 

a* 


Q) o 

0 o 
G p 
p 

o> x 

> o 

O CO 

o0 0) 


a) o 
O P 
c0 

cx ►*“> 


a) io 


p 
® o 


P 
G p 
P X 
G nO 
P 

TO 
u a) 


o 

P G 

0 

cd w o> 
p oj x 

DO X 
O 00 X 
l-l O fH 
CX X X 

r °‘ > 

W 


W TO 
0) X 
X a> 
DO X 
O P 
H 

o a) 
G 0) 

x y 

o X 
a) P 
p 

o 

-to p 
a> 

to no 
<u a> 
qj 
G 


DO o 

cx 
g to 
to g 

P to 
00 P 
O P 
p 

cx > 
a) 

a) g 
o 

to G 
cx o 
w 

4> 

• X 

CO 

* X 
E> X 

•rl 

X > 
P 

•H W 

> G 
o 

P O 
P P 

a) 
a 
G 
O 
CJ 


0 P 
w qj w 
x p 


to 

G 

o 

•rl 

W 


00 G 


__ P 

, ^ t0 G 

W W W <D 

>> to 0 


4J 

T-I 

DO 

G 

X TO 

>■> to W <1> 


G 
O 

•rl 

P 

to 

p - 
P X 
_ O P 
a- cx 

g> o w p 

p G o 

id a to o 


o 

to G 
CO 

„ p > 

i) d o o 


o to P to 

a) *h 

G i-i to p 

cx g x 

o> 0 o x 


. rl U 

O P o 

O CX I 

to O O 

p 

>> 


P 

o 

4-i u 
G 

to G 

0 ( 

4) P 
P O 

to 


p 

to 

a? 4> 


M n0 On 00 4) 
p G <5 n O DO 


to 

P 

c *g 

0 4> G 
G 0 <0 
0 X 

•H tO W 
P X 0 
CX X 4) 
O CX P 
0 to 
00 O S 
G o W 

•rl <J 

p to a) 
a> a 
4-i n0 to 
p 0) cx 
O G 
G 

to tO 
G 


to 

a> 

p 


o cx to 


u 
G 
P 
G 

4-i W 
•H 
4> 

rH 0 


to 

•rl 

to 
>> 
rH 

G tO 
•rl G 
<0 


>> to £i to 

tO P tO Xi P 

•H G DO P 

,G P Q> 


a OP 
>H G CO 
O P rG * 
P U O 
<u > 

. p p 

to 

0 no P 
XI G ■ 


P 4) 
CX (0 
O 4) 


Xi 
CX 

o 

M 

>> H cx 


O to 


tO ^ 


O <0 

Xi 


O cO to 

G On CO 
X & 


cx cx p to 


•H 

1 

<\ 

to 

0 

4) 

P 

to 

> 

CO 


G 
^5 to 
O 4) 
4) *rl 
P no 
G 

rH P 

to to 
a 

•H 4) 
P to 
•H 4J 
M ,G 
O P 


>> P 
P o 

•H 

P to 
G P 

4) rH 

P no G 
O -H to 
4) 
Xi 


4» 

X 

p 


no 

G 


a> o 
u p 
G <U 
p w ,c 
U to H 
G 

Xi rH 

P rH ■ 

to 4) to 
> G 
o 

_ to -rl 
CO CO W 
to 

Q) tO -H 
> O 0 
•H G 

P W rH 

U W CO 
a> -rl 


G 
oO 
•H 
>> M 
rH to 
rH tO 
CO 

u no 
•H G 
P CO 
•H 

Xl TO 
O 4> 
P 
4) CO 
n0 TO 
•H *H 
> rH 
O O 
Xl to 
CX G 
O 

tO O 
G 

tO G 
a> 

to a> 
to ^o 
a) 

x^ to 
TO CO 

no ,G 
to 

0 

O to 

P Xl 
DO 

o 

Xi 
CX 


(V X 
> p 


cd to 
cj >> 

•rl 
P 
•rl 4) 
P X 
C P 
4) 

no • 

•H ' 
O 
>> cx: 
oO to 
O X 


to U 

CO H O 

aicuto^. - 
H >> no to to 
DO rH G no 

Ai 
P u 


a 

4) 

P >H 


TO 

G 

tO 


0 

to 

„ . Xl 

P oO 


o 

DO rH „ 

G o C 
•rl G 


tO CO 
G 


P to to no 

a) <u 

G P 

to a) 

to i — i 

p cx to *H CX 
,, „ P 4) 0 0 

toai^^wrtu^HO 

cx no o 0 xi G o y u 

opppojo<d^<i> 
u to WO rO H 


DO to a) 

Q) G CO CX JO <0 


Xl -H 


P CO o o 

(0 .G 0) 
to to cx P O 


to P 


p p 
G Xi no 
4) O 
0 p 
4) P 
xi a) 

•H 


■H 

•ri O 
xi 0 XI 
O 4> 4) 

P 0 
<U W 0 

XI >n O 
H W O 


0 
cd 

Xl 
DO 

O 4) 
XI X 
cx H 

>> 

oO * 
o to 

rH no 
O 4) 
G a> 
XI G 
o 

4) 

H M 
p 
4) to 
o G 
tO no 
cx G 
to -H 


TO 

g x: 
to o 

Xl 

to to 

•H 0) 

w to 

4) 

rH PG 
tO 
G 

cd 4) 

rH 

W DO 
0 C 
4J cd 
P P3 

w 

>> p 
w < 


G to 4) Xi 

cr* P Xi 

4) W 


W 


_ G 0) 

4) -H H 

Xi O 

•rl 4) W 

G rH 
C7* O 4) 

Xi 

G 
P 

Xi >> 0) - G 

rH XI ^ P 

>■> cd P *P 

oO G cx xi 

o cfl DO *-> O -H H 

H G^p G 

O W -rl P no 

0 no >> W 4) 
xi a) P G 

O no O G 

td 


TO 

• G 

0 CO 
(0 

Xl • 

DO 6 

o a) 

Xl p 
cx w 

rH W 
<0 

P X 
•rl a 

> c 

G 

w to 


0 O 
a> w 

P rH 

to co 
>> 

CO T — I 
1 — I 
P -H 
O > 


CO 0 
O Xl 
•rl O 
P P 
•H Xi 


O 

Xl 

cx 

>> 

00 

o 

I — l 

o 

c 

X 

o 

(V 

H 

4) 

o 

(0 

Cx 

co 

4> 

Xi 

•H 

P 

G 

Q> 

a> 

x 

p 

to 

G 

o 

o 

p 


X a) 
a P 
4 J to o P 
P >> G cd 

to 


p 

o • 
w 

CO 0> 


> 

Xi H 

cd p 
a 

o 4) 

•h -in 
P X 
•H O 

o 

4) TO 
cx G 
w td 


Xi 

to o 

0) ^ • X >> *H 

•H O W Cd oO G 

P PG g X O ■■ 

O H 
•H G O 
W O G 

W -rl X 

Xl -H W O w 

4) 0 H (V <D 

G P M 
a> cx 

O O TO 4J 


tO 
oO 0 
G 

•H no 

4) 


•H 4) 
P X 
G ^ 
4) 

no 

•H 


P 
P G 
tO 4) 


X O td 
P 


U C X 


o 

P G 
a as 
G > 
Xi no 

P tO 
P 

•rl 

X 
u 
o 


TO 0 
■h a> 
p 
4) W 
X >> 
E-h w 

p 
• p 
0 CO 


CL, {Xl cd P 

to 


p to a) 

4) 4) 4) TO 


X 
W O 

0Xi,_ 

4> Cd u *-) *H G 4> 

p 4) G TO rH oO 

0) W P 4) G U tO 

>> 4> GXP G P 
to ai P H W -H 10 


CO <v 
>> u 
to to 
cx 
X w 
u • 
c o 

G Xl 

co o 


41 

X 

p 


no ^ 

4) rH 
G rH 
C tO 
CO 0 
0 W 


4) 
W 
tO 

W X 
■H 

P X >N 
O H oO 
O 
W 
4) 


P 

•H 

rH 

•H 

X 


• O 

B S 

cd X 
xi a 

DO 4) 
O P 

_ Xl 

cd CX no 
cx G 

tO 4) tO 
<J O 

to X 

QJ CX O 
X w Xi 

P to 

x <u 

G -H W 


w a) 
p G X 

Xl DO p 
O -H 
Cx to p 
D,(DO 
Cl 











. - 

p 


a> 



P 




o 

W 

w 


X 

W 


O 


* 


p 

a> 

p 

jO 

> 

w 


P 


G 

«• 


p 

X i 

P W 

4) 

4) 

P 



4) 

G 

no 

to 

p 

X X 

P 

P 

o 

W 


DO 

o 

4) 

p 


> X 


DO 


G 

4J 

O 

X 

P 


4) 

p 

P 

O 

4) 

O 

P 

P 

w 

QJ 

t — s 

X 


w 


4> 
>> 4) 


4> 

O 
tO 
cx 
CO x 
4) 
no 

4) no 

U Xi 
•rl 

X 
p 


4) 

> 

•H 

W 

G 

4) 

X 


4) 

no 


td 


td u 

o 


X c/} to 

• cx 
no C w 
G 

tO 4) W 

X - 
4) P G 

o o 

G *H 
•rl P 

to 

>> IS 


0 

to G 

Xl (0 

oO > 

O no 
P < 
cx 

>> • 
+J CH 
•H ON 
W ON 
Xl rH 

4) 

> 

•H 

a 

x 


Xl 

4) 

P 

C 

4) 

O 


(0 X 
G 

no no 

•rl 4) 

P > no 
G X G 
4) no G 
0 G 4-i 
<U x 

rH >> 4) 

O X Xi 

P W cx 
G 0 
woo 

P X u 

G > 
to 4) to 

U XI 
DO CX • 
<N 

TO X ^ 

4) U ON 
no P x 

•rl co 

4> $H 
W P 
4) 


P P 
CX G 
P 


X 

p 

to 


P G no 
O P G 
4) 

W 4J 0 

> X 0 
P * 


O 
O 
oO 4» 
C P 


G 

td 

X 

G 

4) 


O 

P 


CD 4) 

> X 
x p 
p 

woe 

x 4) a> 

P X 
0 p p 

CO 4) DO 

P G 

OO CD <U 

O p p 

POP 
Cx g W 


X 

o 

p 

cd 

4> 

w 

4) 

P 

oO 

C 

x 

p 

4) 

<D 

C 

X 

DO 

c 

w 

4) 

O 


>h 

P 


> 

O 

p - 
Cx P 


4) 

X 

p 

no 

G 

<0 

w 

4) 

X 

P 

X 

w 

p 

4) 

> 

X 

G 

G 


X nO 

O 41 O 
P W 
C X 
<D < 
X 
P 

O • 


1* 


4) 

X 
> 

4) 

P 

G 

P P 
a> 4i 
4) o 
CX G 
O 

G O 

X 

to w 

P c 
X o 
o x 
P no 
O td 4) 
P no > 
G X 
w 4) 4) 

4) g U 
P 0 4) 

O P 
U 

4) W 
P P 


oO 

G 

o 

p 

p 

w 

>> 

p 

4) 

> 


>> G x P 

to X ex x a no 

. o 4 ) h a> 

0 P TO w CX 

G CX O 

•rl TO 4) X 

G G P ® 

o to x > 

X x 4» 
W TO x n? 

_ 3 4) 4> 

0 X X cx P •• 
O O O to 4? 

CJ X X W P 

u G cd 4>' to 

cd O X > t>> P 

p 4J co P 


P 
G 
4) 

0 X 

X G 
W to 

X P 

x G 
cx 


X W P no X W 


cd W 4) 
a 4) G 
X P 
G cx 


0 P X 
O O 


4) ^ 
G P G 
4) W 
4> tO 
P > 
CO 


DO 

G 

X 

G 

X 

cd 

p 

p 

nO 

G 

<0 


Q) u X 4) CO CO 


G no 


p W tO nO 


0 

cd 

p p to 

DO 4) p 
o W oO 
P G o 
cx p 
* cx 
X 

O P H 
P X c£ 


to P X 
C 4) G 
tO CX 4) 

0 
X 
p 


o 
X P 
<H CO 


P 
O 

w .. 

_ w x 

4> 4) X 


P 
w 
o 
0 
DO X 
G CO 


G P 
x G 
W to 4) 
to P a 
> X 
O 4) 
W X 
POP 
4) P 
P 

G no W 


C nO ex o o 
oO 4) X O to 
4) 


W 4) 

0 w 

4) 4) 


.. _ 4) C W 

cd P P o to 4J 

CJ 
- O 
W P 
4) CX 


P 

O 

4J 

■O 

G 

X 


P P 

cx H 


DO 
G 
X 

(0 G 4) TO 
O to X 
0 P 

O 


X 
p 

X x 
P o 
„ o to 
o x 

P G X 
O W 4) 


w 

G 


G 

o 

X 


o 
X <v 
P w 
Cx to 


(0 P 

o 

DO p 

G 


p 

p 

o 

a 

cx 

G 

w 


>> 

• p 
DO P 

G w 
X G 
c no 
x G 
to x 
p 

4) nO 
P 4) 
W 

• cd 
DO 4) 
G P 
X 
p 
o 
cd 
p 
P 
p 

to 


X 

a 

p 


no 

G 

tO • 
no 

P 4) 
U X 
4> P 
P X 
X P 
no G 
4) 

O TO 
P X 

TO 4) 
4) P 

t4 to 

X 

X w 

X 4) 
P X 
G oO 
O 

Q) X 

■° s 

x X 
x a 

X 4) 

> p 


no 
C 
O X 

p 
G 
(0 


4> 


CX C & CO 



QJ 

\\9 

O CX TO 

w 


CO 

> 


4) 

o 

P 

P oo 

OJ 


4) X 

QJ 

X 

> 

X 

w 

cd 


P 

w 

> DO 4) 

W 

p 

4J 


cd 

ex 

>> 

o 


X X P 

QJ 

CJ 

X 

no 

QJ 

X 

oO P 

aj 

TO 

P X to 

P 

4J 


4J 

w 

a 

4J X 

X 

4) 

CO X 


•x 

4) 

G 

4) 

X 

P W 

4) 

O 

> p 

00 X 

P 

G 

od 

p 

td p 

W 

G 

o * cx 

c 

o 


•H 


u 

P 4) 


cd 

G no o 

X 


P 

P 

QJ 

CO 

p > 

P 

> 

G 4J P 

p 

0 

4) 

G 

a 

CX 

W X 

CO 

TO 

M P CX 

4> 

(0 

QJ 

O 

td 


G 


(0 

4) CX 

QJ 

p 

CX 

<J 

D 

o 

4> D 

W 


>•* x CO 

G 

oO 



00 

p 

X 

P 

* — 1 

p cx 

X 

o 

W 

P 



P 4) 

4J 

4J 

X 0 4) 

oO 

p 

X 

O 

> 


X 

P 

> 

w o x 

a 

CX x 

G 

p 

p 

p p 

G 

4> 

POP 

4J 


P 


X 

X 

o 

4> 

X 

QJ 


X 


W 

w 

c 

4) 

CJ 


> W >> 

4) 

cd 

P 

to 

L-i 

G 

P TO 


P 

X CO X 

U 

G 

o 

> 

QJ 

0 

P G 

X 

O 

G > 

tO 

X 



> 

e 

td x 

a 

X 

£> no 

ex 

00 

p 

p 

•rl 

o 

cx o 

p 

G 

. QJ 

w 

X 

X 

oj 

c 

o 

G 

(0 

4> 

4) W P 


P 

G 

p 



X X 

4J 

W 

X X P 

>> 

o 

w 

G 


oO 

td 

W 


p cd o 

p 


4) 

4> 

4) 

i G 

P w 

4) 

w 

X cx 

X 

QJ 

P 

o 


i x 

DO P 

P 

TO 

• P cx 

w 

X 



P 

1 p 

4J G 


G 

0 G G 

p 

p 

cd 

OJ 


QJ 

P <D 


. G 

to 4J w 

QJ 



G 

X QJ 

G 0 

P 

P 

P no 

> 

p 

w 

O 

c 

) G 

X 4) 

to 


oO 4J 4) 

X 

w 

< 



X 

X 

G 

X 

O P X 

G 

G 




G 

G O 
O X 
X P 
W tO P 
W P O 


CX P 4) 4) 


O 

G 

♦rl 

DO 
G 
X 
P 
u 

4) tO 
P 
cd 


cx X 
o a 

4) 
P 


p 
p 
p 
W (0 
p 

4) TO 
P G 
G tO 
4) 

O W 


4) 


P 

G 


P 
4) 

P 
G 

4) 

a no 

4) 


P X CO 
PCX 
o M to p 
•h a o 
0 W CO W 
0 O G 
P <D 4> 

CD P P W 
DO W 4) 
oO >> nO > 

X 00 O O 
P CJ X 

+J 4) 4) P 

oO no 1 
P O 

tO nO P 
X 4) a 
w X X 
4) >> P 0 
P X 


O 

P 


_ P 
W to 4) 
P > 
P 

W 4) 


QJ X O P O 


> 

c 

cd X 

X 

ex 


X 

cd 

• 

X 

OJ 

S ex X 


oO X 4) 

oO 

P 

p 


W (0 x 

> 


G 

X G 

to 

4J 

o 

W 

♦H P O 


p 

X 

> x 


P 

QJ 


DO w 

• 

X 

nO 

G 

TO 

G 

•x 

W 

g o x 

B 

w 

G 

0 

QJ 

4J 

X 

c 

to p no 

to 

p 

cd 

cd x 

p 

a 

o 

o 

P Cx P 

p 

4J 

P 

P X 

G 



•H 

DO 4J 

oO 

> 

W 

DO Cd 

w 

X 

4J 

P 

O 4) P 

O 

X 

P 

o 

to 

a 

X 

CO 

P X G 

P 

G 

G 

p p 

4J 

to 

H 

IS 

Cl, H X 

CX 

G 

O 

ex o 

0 

QJ 


0 

O 

C P 
O P no 


4) 
P 
G 
P 
cd 
X 


W 4) 
<D TO 

X G 
H P 
W 

• 4) 

P P 
4) tO 
> G 
X TO 
4J CO 
a P 
4) oO 
P 

P 
O O 
X 

X 4) 
P P 
x no 
<0 


0 td x G 

4J 0 G X 

P O 0 

O 

00 G p 4J nO 

C 4> P X 4) 

X 4) 4) P a 

P X CX O 

to * x 

c 4J X < 4) 

Cd > DO 00 > 

g cd x <3 4J 

4) x X IS no 


u 

>N 

p 

to 

G 

X 


cx 
X X 
cx a 
w 

N X 
ffi no 
e> x 
p 

O X 

iri G 

0 


CHANGES FROM FY 1993 BUDGET ESTIMATE 


o> p 
X o 
p 

g 

p o 

O X 
X 
P i-l 
X -H 

3 s 
co 


p 

a> 

to 

X to 


P X 
o 


to 
x) P 
P 0> P 
O P to 
oO o 3 
T) (D T) 

*P G P g 


O 1-1 O ,D *H 

p * x 

uo G to X 
P </> o oO G G 

aj x o o td 

G p P X X 

o cd o P to 

a> o c o o 

X G O ,2 G X 

p O H CJ X P 

X rH O O X 

CO P (0 H P w 

■rl CO O P 

CJ P X 05 05 


CO O 


C X > 


x x o cd H X 
G 
G 


x «-t x w 

H cd P X 


o 

p 


o 

- P 00 CO 


O 05 G Cd 

G O to O -rl 

O ^ cd W Tl H 

•rl P x O G iH 

t-h a3 G o 

rH - to X > 

X G 00 X 
a O O 03 C/3 to 

X i-l CJ O 05 

r- i—4 O X Ph 

• X G P w 

«n -rl X G O P 

x B O cd X 0) 

O G P 4-> 

P uo P O C 

O' p P 05 

co x at o u 

o x G < 

to </> cd G t) 

cd 05 O X 

O P X X X O 

P O U P P X 

CJ p G P 

0) G d c /) 

X O 0J X X <3 

•rl W P W 

Cd P O P <3 

o p oo to !s 


W G 


O X 


P X tO fl3 X o 


O O O 
O P X 


cd oo cd 
PQ 


o x 


G X 


O O -H 


c*3 o 


00 P P 

p oj 
ai w a 


X) 

a) 

P X W P 
o to to x o 

O0 -rl to 

« O H (I) C 

p x cx p o 

to O 6 X 

X G o X P 

to X CJ O G 

£ O CJ P X 

o OJ Cd cd *H 

OP 0) P 

to to p 

to x cd oj to 

> P X 


X 

H 


G 
cd 

X u 
X O X 
O -rl 4-1 

14 > 


cd 

0) 

to 

<u 

p 


C 
O 
•H 

■rl P 

B to o 
o 


G 

</> cd 


to 

o 


o 

p 

to 

cd 

OJ 

p 

cd 


H 0) 
a X 

OJ P 
CX 

to o 
p 
oO 

G OJ 
_ _ -H G 

■H d P d 
p u cd 
P G G 

•H O 
G d B x 
O 05 X i— I 

U P X X 

0) CJ 0) X 

cd a) B 
p to 

(U d ,0 lO 
O X X 

p p i XJ rH 

to G </> 

rH Cd 

rH P 
cd to o 

G P 

O P p 

X P X O 0) 
a) cd to P P 

CJ O CO X tO 

a) 05 

p 

o0 P 

G 0) 

O P 


00 


t — | rH P *H 

cd cd a; to 


oo 

o 

cd c*3 

p p 

o o 

P c 
o o 
a) x 
p p 
P G 
oj x 

•H 


X 

fl) 

P 

cfl 

X 


P 

a) 

G 


P 
P 
to 

P 

(D d u 
uG a> cd 
p p 

X 

tO 05 O 
X X P 
P cd 


o 
to 
G 
o 
o 

o 
to 

> rH 

•rl Cd 


X 

u 

■H 

Is 


05 

P 

05 

> 

to 

p 

cx 


to 05 

o) a 

c 
o 
a 


G 

O 


P 

o 


cd 

P 


05 

G X 
G X) 05 
O P 
x G cd 

*-H O i— I *H 
»H -H 05 tO 
■rl H P f— I 

e * — i g 

■rl d a 

oo s G o 


cd o 

p 

to 

X) 
0) 


G O 
x> rH 


B tu 


rH 00 
</> • 
o 
p -co- 


co 


p 
cx 
G 

O X5 
•H 0) 


G 

cd 

P 

P 


P CJ> G 05 

a) ,G 
oO a) o P 


_ G ^3 

•rl P XJ 
tO X) rH 
G 05 05 


<0 


5*, 

X5 


to 

CX 

•H 

P 

p 

O 


to 

a 

cd 


> 

05 



P 

i— 1 

G 

X 

to 

•H 

X 

05 

rH 

o 

G 

cd 


cd 

P 

P 

rC 

cd 


CX 

> 

B 


CJ 


p 

P 

p 

o 

XJ 

cd 

G 

cd 

< — 1 


O 

0) 

p 

cd 

p 

O 


CO 

o 

P 

p 

cx 


DO 

■rl 

,G 

P 

p 


to 


G 

o 

rH 

CJ 

05 


cd 

G 

0) 

•H 

p 

iH 

P 

0 

0) 


cd 

p 


CX 

•H 

cd 


G 

>> 

p 

cd 

to 


0 

0) 

•H 

xJ 


p 

G 

P 

>j 

to 

to 




•H 

P 

tx 

vO 

a> 

»H 

c 

XJ 

05 

0 

o 

o 

. 

IH 

cd 

o 

0) 

X 

•H 

p 

1— 1 

CM 



*H 

o 

P 

rH 

p 

o 

<y> 

P 

l — 1 

iH 

G 


05 

05 

G 


G 

cd 

rH 

XJ 

>> 




P -H P 


o 


4-> 

M T- 

M 

cd 


p 

cd 

P 

d> 


0> 


05 

jC 


P 


u 

05 G 

p 

> 


X 


to 


H 

G 

oO 

P 00 

to 

0) 

to 

o 

rG *H 

o0 

0( 

CJ 

o 

G 

p 



O 

cd 

• 

td 

to 

cd 

CX 

P ,G 

o 

o 

•H 

0 

•H 

p 


X 

■rl 

G 

P o 

> 

P 

> 

cx 

p 

p 

iH 

G 

S 


o 


c 

P 

cd 

o </> 


P 


3 

O -H 

cx 

O 

O 

o 

G 



cd 

CJ 

0 


r* 

o 

G 

oo 

P > 


c 

to 

o 

o 

* 



G 


p p 

D( 


O 



05 

rC 

iH 

o 

•H 

to 


x 

X 

X 

G O 

O 

G 

•rl 

to 

05 W 

G 

a 

05 

cd 

P 

G 


a 

05 

cd 

o 

i — 1 

O 

P 

c: 

G 05 

•H 

(V 

CX 


cd 

O 


u 

H 

0 

p 

o 

•H 

CJ 

o 

XJ -H 

rH 

H 

>> 

o 

CJ 

•H 


cd 


P 

05 05 

G 

P 

G 

•H 

p 

CX 


X 

p 

•H 

to 


05 

cd 

05 

W P 

^3 

O 

X 

p 

G H 

•H 

XJ 



X 

to 


to 


X 

cd to 

o 

G 

05 

cd 

O > 

CJ 

C 

G 

G 

CX 

•H 


05 

P 

p 

X G 

0) 

X 

P 

X 

•H -H 

to 

cd 

o 

O 

G 

0 


eX 

o 


cx Cd 

H 

05 


a> 

rH P 

•H 


•H 

•H 

X 





p 

p 


P 

to 

CX rH (J 

XJ 

.c 

f — 1 

P 


G 


c 

p 

O 

cd P 

X 


•H 

o 

•H (d 


u 

1 — 1 

CJ 

X 

O 


o 

CJ 



c 

X 

rC 


a 

>> 

P 

•H 

G 

G 

•H 


•rl 

0) 

G 

X 0) 

cd 

cd 

P 


xJ 


cd 

B 

X 

cd 

P 


CO 

p 

O 

G X 


G 


CJ 

O 05 


05 


0) 


cd 


Jh 

p 

•H 

cu p 

X 

O 

P 

M 

• G 

to 

to 

CNJ 

M 

cx 

Jh 


05 

05 

P 


o 

•H 

o 

cd 

00 G 

05 

(D 

. 


cd 

O 


> 


cd 

*G >> 

Jh 

to 


05 

</> cd 

DO 

CX 

rH 

C 

i — i 

rH 


G 

P 

X 

o X> 

td 

to 

p 

to 

rH 

G 


<S> 

o 

p 

Cx 


O 

05 

■H 

P 

05 

05 

CJ 

05 

P cx 

cd 

to 


•H 

a) 

X 


O 

G 

X 

cd p 

to 

Jh 

cd 

Ph 

o 


CJ 

P 

i — 1 

> 

05 




o 

05 05 

05 

DO 

Cx 


to 

u 

•H 

o 

i — 1 

o 



> 

cd 

CO 

to to 

(X 

G 

0 

o 

p p 


B 


•H 


•c 


D£ 


c 

0» P 


O 

•H 

p 

05 O 

to 

cd 

p 

0 

DO 

p 


Jh 

to 

o 

P P 

c 

CJ 



p cd 

G 

G 

o 


c 

•r| 


0) 

p 

o 

O 

o 


05 

G 

to cx 

o 

> 

Q) 

CO 

•H 

> 

• 

C 

(j 


CJ 

•H 

G 


o 

G B 

•H 

X 

P 

• 

P 


DO 

W 

05 


•rl • 

to 

O 

H 

•H 

cd *h 

P 

o 

P 

<r 

cd 

X 

G 


X 


cd >> 

X 

•H 


i — 1 

Jh 

O 

B 

05 

■co- 

G 

05 

•H 

0) 

P 


P DO 

G 

X 


rH 

p to 

G 

p 



•H 

P 

X 

CJ 

0) 

X 

x o 

O 

X 

• 

•H 

to 

XJ 

05 

P 

ed 

e 

cd 

c 

cd 

P 

05 

o x 

O 

•H 

00 

B 

05 05 

05 

rC 

0J 


•H 

•H 

G 

D 


> 

> o 

Jh 

0 

G 


rC p 

P 

p 

G 

. 

< — 1 

CJ 

P 

CO 

,G 

05 

O G 

(X 


•rl 

rH 

P DO 


o 


05 

05 

O 



CJ 

•H 

p X 



X 


G 

05 

p 

05 

to 


to 

CO 

05 

■H 


O CJ 

05 

• 

C 

; o 

X o 

x: 

0) 

X 

cd 


to 

o 

rG 

•S 

CJ 

X 0) 

X 

CM 

G 

o> 

^5 U 

H 

<3 

P 

X 


cd 

CX 

H 

> 

cd 

CX P 

H 

-CO- 

P 


P 0) 
o B 


•H 
cu B 



cd 


05 

05 

CM 

ri 



co 

G 

XI 

I 


- 

q 

X 



to 

05 

cX 


o 


•H 

to 


G 

p 

Q 

x: 

cd 

p 

O 


2 

H 

X> 

o 

•H 

to 



>> G 

DO o 

O *H 
rH P 
O G 
G 

•C *H 
U P 


B 05 
H 


p 
to 

iTi «H 
• XJ X5 
rH G 
</> cd 


05 

p 


P ,C 
o 


0) 


a ^3 
p P 
cd 
OJ 

to 

P 05 
o ft! <u 


G 

o 


o 

p 


XJ to XJ 
0) o 


a 

P 

cd 

05 

to 

05 


W 

G 

O 

*H 

W 

W 

•H 

B 

G 

O 


cd 

P • 
o P 

>H 0) 

CX P 
X G 
05 05 


05 05 

iH *H 
JD P 
cd 

O 0) 
•H G 

rH O 
CX 

CX O 


P 

O 

to 

P 

to 

•rl 

to 

G 

O 

O 

*G 

a 

•rl 

Is 


>1 -H 

oO S 
O 


rH <r 


p 

•H C 


X 


P O 


0 

X 

G X 



Cd 

cd x 


cO 

p 

G x 


* 

o 

O -H 


CO 

p 

p 0 


</> 


0J 



cd 

<3 CM 


P 


• 


o 

X 

0J x 



05 

X </> 


G 

C 

p 


O 

•H 

p 


X 

cd 

o o 


P 

P 

p 


a 

to 

p 


G 

G 

X 0) 


X 

to 

0) P 


05 


P CO 


Jh 

to 

cd G 



cd 

o cd 


P 

X 

O P 


0) 


X P 


G 


X 



o( 

cd 05 


co 

o 

05 X 



X 

P P 


to 

o 



p 

c 

00 >> 


a 

X 

C X 


05 

a 

•H 


X 

05 

X P 


P 

H 

G 05 


05 


G W 


P 

X 

P P 



G 

P 


>i 

cd 

o o 


Ol 


•H 


o 

X 

G G 


X 

o 

O O 


o 

P 

to X 


c 

td 

P X 


X 

0) 

0) X 


CJ 

CO 

CX X 


05 

0) 

>•, 0 


H 

cx 

X 




m 


X 

CO 

p • 


G 

05 

o O 


(0 

Jh 

</> 



G 

c 


X 

P 

O P 


o 

o 

X o 


Jh 

G 

X 


cd 

Jh 

X G 


05 

P 

X o 


to 

OO 

0 X 


05 


p 


03 

X 

CM (J 



c 

• G 


p 

cd 

CO x 


X 


<J> 05 


01 

to 

p 


X 

X 

CO 

• 

X 

CO 

a) x 

DO 

p 

•H 

x co 

c 


P 

G p 

X 

05 

05 

X 05 

X 

U 

P 

o G 

G 

cd 

to 

G 05 

G 

Q 

£ 

| X DO P 



cd 
XJ 

o o 
</> S 

P 05 
O ^3 
P 
P 

0) P 
tp o 


to 

G 

co 

p 

p 

05 

rG 

p 


Cd 

to 

o 

cx 

o 

p 

cx 

p 

G 

0) 

0 

•H 

p 

a) 

cx 

X 

05 


> 

0) 

G 


p 

05 

to 

p 

p 

o 


p 
G 
05 
0 
0) 

G 
o 

CX P 
P o 
to 

O P 
CX 05 

rO 


0 

G 

G 

05 

rC 

p 

05 

O 

G 

xJ 

05 

P 


P 

G 

cd 

u 

•H 

P 

•rl 

G 

o0 

•H 

to 


to 

P 

G 

0) 

0 

•H 

P 

0) 

cx 

X 

03 

>> 

P 

•rl 

to 

P 

0> 

> 

•H 

c 

G 

P 

P 

to 

G 

X 

G 

•rl 


05 P W 
CJ 
G 
cd 

•§ 

0) P 
o 
o 

P G 
O 

0 H 

cd P 
P G 
00 jQ 
O -H 
P P 
CX P 

to 


■H 

G xJ 
•H G 
xJ cd 


oo 

o 

o4 


P 
G 
05 
0 
•rl 

P 

a> 
a < 
X 


to 

05 

•H 

XJ 

G 

P 

CO 


tO . . 
P XJ 
G 05 
05 P 
0 

•H 05 
P X 
0) P 
Cx 

X o 
W 4-1 


05 

to 

<d 

rG 

cx 

p 

o 

p 

XJ 

05 

XJ 

G 

G 

P 


The Systems Analysis program has increased by $0.2 million, which is the net effect of $0.4 million of 
hypersonic research and technology funding reallocated to the Aeronautics Research and Technology base 
offset by the transfer of $0.6 million due to the redistribution of ROS funding. 
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materials and material systems, such as films and coatings. Progress will be made toward developing 
advanced materials, fabrication and structures technology to reduce cost and improve the performance and 
reliability of future launch vehicles; and support for advanced concepts of optimization and sensitivity 
analysis which will be combined with disciplinary analysis methods for efficient synthesis methodology 
applicable to Space Station of "space structures and antennas. In FY 1994, smart materials and adaptive 
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and the most promising approaches selected for further development. Submillimeter wavelength observations 
are used to identify the chemical make-up of the upper atmosphere of the Earth, as well as interstellar gas 
clouds. Previous technology efforts led to the 205 GHz instrument currently flying on the Upper Atmosphere 
Research Satellite (UARS) which is observing gasses critical to the Earth's ozone cycle, and the ground- 
based testing of instruments at frequencies up to 600 GHz. Space-based lasers provide the best approach to 
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Operations technology funding has been reduced by a total of $8.5 million, which is the net result of 
$9.0 million Congressional reduction, partially offset by a transfer of $0.5 million due to the 
redistribution of ROS funding. This will be accommodated by a reduction of $3.1 million in automation and 
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integrated cast chamber /cooling liner MCC's for testing and evaluation. This technology is projected to 
lead to a seven-fold reduction in fabrication costs, a reduction in MCC welds from 96 to 4 and reduction in 
fabrication time from approximately three years to six months and (2) if FY 1993 tests of a larger 
combustion unit with the low-cost injector and a prototype turbopump with the improved bearings at the LeRC 
and SSC are successful. FY 1994 plans include consideration of large scale testing on complete system 
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systems efforts will continue to focus on developing and demonstrating new onboard processing and data 
storage capabilities for a range of future space and Earth science, exploration and infrastructure systems. 
Preliminary design of experimental onboard digital processors and correlators will be continued. The 
program is working towards demonstration of a high speed gallium arsenide pipeline processor in FY 1995, and 
a multi-channel 500 MH2 auto correlation spectrometer will be tested during FY 1994. 
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Completing the state and local government linkages to round out the "grid" of the national technology 
transfer network. 
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RESEARCH AND DEVELOPMENT 
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results. Guided by the need to select projects with strong commercial prospects, CUS programs support 
experiments likely to begin producing commercial results by the middle of the decade and well into the early 
years of the next century. 
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13 Center for the Commercial Development of Space Power and Advanced Electronics, located at Auburn 

University. AL. Focus: to identify critical technological impediments to the economic deployment of 
power systems in space, promote and develop "dual use" technologies leading to new products that meet 
power generation, storage, conditioning, and distribution needs. 
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flight operations. The CMAM flight modules are pressurized, orbiter -based , mixed cargo carriers designed to 
augment the orbiter middeck by providing approximately 1100 cubic feet of additional volume for support of 
crew and payloads. Fifty middeck locker equivalents (MLEs) of payload space can be accommodated on each 
module. The CMAM is connected to the orbiter through a modified Spacelab tunnel adapter and draws resources 
from the orbiter cabin and cargo bay payload support provisions. Cooling, power, command/data and 
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The CUS program's highest -priority transportation projects will be fully supported in FY 1994 -- the CMAM. 
supporting middeck-class experiments that require crew support, pressurization, late access and early 
retrieval, and ascent/descent power; and the COMET, an expendable launch vehicle system providing launch. 
low-Earth orbit operations, payload recovery, and long-duration microgravity. FY 1994 funding will enable 
the continuation of both these critical projects. 



Although no funds are requested in FY 1994 for the Sounding Rocket program, the failure of an earlier JOUST 
rocket flight has resulted in a flight insurance reimbursement to the Consortium for Materials Development 
in Space CCDS. These funds will allow continuation of the program during FY 1994. Moreover, existing 
contractual arrangements with the service provider allow for the continuation of the Sounding Rocket program 
during FY 199-5 and subsequent. 
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In FY 1994. Communications Systems includes the NASA activities associated with the international Search and 
Rescue program, which has been previously budgeted and managed under Space Science and Applications. The 
budget estimate of $1.1 million will continue to support research and development leading to new or 
additional applications or capability improvements. Search and Rescue program operations remain the 
responsibility of the National "Oceanic and Atmospheric Administration. 
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In FY 1994. a number of programs are being realigned from systems technology into the research and 
technology base to consolidate activities of a similar nature. These include rotorcraft technology, 
advanced high-temperature engine materials technology, high-performance flight research, and general 
aviation/commuter core engine technology. Within systems technology, the ongoing noise reduction work which 
has been done under advanced propulsion systems technology is being realigned to the advanced subsonic 
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T he materials and structures research and technology program is developing advanced materials, analysis 
methods, test methods and structural concepts to enable the design of safe, lightweight airframes and 
lightweight, durable, fuel -efficient engines. Materials and structures research is focused on understanding 
fundamental behavior, developing life prediction methodologies, and advancing fabrication technology for 
light metals, composites and high- temperature materials. 


Computational structures technology is concerned with advanced analytical methods, from the micromechanics 
level through global response of full-scale aircraft, aeroelastic response and control, and 
multidisciplinary design and optimization. Under airframe materials research, work on processability and 
optimization of high- temperature resin RP46 is in progress. This material is a replacement for PMR-15 as 
candidate material to be used in primary airframe structures. Laboratory research on high -temperature 
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simulation and empirical evaluation of electronic checklist designs, taxi way displays for low- visibility 
operations, and three-dimensional auditory cockpit displays for localization of traffic were completed, 
design philosophy and guidelines for “ human -c entered ' ’ automation were developed and published. 
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studies have shown that noise-reduction requirements will be a major consideration in airframe/engine 
integration for this class of aircraft. Also, supersonic laminar flow has shown the potential for greatly 
improved wing efficiency. Other studies are investigating technology tradeoffs for large subsonic 
transports, advanced rotorcraft, and high-performance aircraft to enable the most effective use of research 
resources. Methods development work in FY 1993 includes enhancing multidisciplinary analysis with advanced 
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The general aviation/commuter engine technology effort which has been realigned from systems technology will 
continue to demonstrate component improvements through the practical application of validated analysis codes 
that will enable high-performance small engine systems. Experimental data acquired from combustor ceramic 
liner tests and using three-dimensional Navier-Stokes two-phase reacting flow code will provide the required 
design input for demonstration of an advanced combustor with a very aggressive pattern factor of 0.1 at a 
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and metal matrix composites (IMC's and MMC’s) for compressor and turbine applications up to 2300 degrees 
Fahrenheit; and ceramic matrix composites (CMC's) for turbine applications up to 2500 degrees Fahrenheit, 
new fiber sizing for 700- to 800-degrees-Fahrenheit use and polymer coatings which are resistant to 
oxidation up to 800 degrees Fahrenheit will be developed. A fiber/matrix interface model designed to help 
overcome the incompatibilities between current ceramic fibers and intermetallic matrix materials will be 
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Corporation’s massively parallel Delta Touchstone supercomputer installed at the California Institute of 
Technology. Specific accomplishments include: generating 3 -dimensional images of the planet Venus from 
Magellan satellite data: direct numerical simulation of large, time -dependent compressible Navier-Stokes 
equations: and 3 -dimensional compressible turbulence simulations for high Reynolds numbers. 
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BASIS Of FY 1994 ESTIMATE 

In FY 1994, NASA's HPCC program is focused on two areas of application: integrated, multidisciplinary 
computational aerospace vehicle design and multidisciplinary modeling and analysis of Earth and space 
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and the development and demonstration of high -temperature test methods and NDE methods. Technology transfer 
will continue to be addressed through cooperative efforts with the major U.S. turbine engine manufacturers* 

A fiber sizing that will withstand use temperatures of 700 to 800 degrees Fahrenheit will be verified 
through an engine core test of a high -temperature PMC actuation ring. Oxidation-resistant coatings for 
CMC's will undergo engine testing in a turbine shroud application. 
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BASIS OF FY 1994 ESTIMATE 

Rotorcraft aeroacoustics and high-speed rotorcraft are being moved from systems technology to the 
aerodynamics portion of the research and technology base. 


1993 1994 

1992 Budget Current Budget 

Actual Estimate Estimate Estimate 

(Thousands of Dollars) 
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baseline designs for both Mach 2.0 and Mach 2.4 aircraft, including a common data base of material property 
requirements: and development of both metallic materials (aluminum and titanium) and polymer matrix 
composites (PMC's), including initiation of long-term durability testing. 
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preliminary design of the two best nozzle concepts for large-scale experiments with testbed engines over the 
projected full range of operating conditions. Engine inlet technology will similarly be advanced with 
small-scale tests. In particular, the two-dimensional bifurcated inlet development will be initiated to 
bring this concept to the same level of maturity as the axisymmetric concept. A preliminary design of a 
high-flow fan will also be conducted. 
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experimental aerodynamic evaluations and assessment of the associated noise reduction. The most promising 
high-lift concepts will be readied for high-Reynolds number wind tunnel testing in the National Transonic 
Facility. Using knowledge gained from previous supersonic laminar flow flight research, the large suction 
panel for active aerodynamic control will be fabricated for planned flight testing on the F-16XL testbed in 
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BASIS OF FY 1994 ESTIMATE 

The FY 1994 funding level supports the award of increased new faculty fellowships. 
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community colleges to ensure the continuation of quality technicians for the aerospace effort, and for 
development of curriculum materials which relate to NASA missions that can be used in the classroom will 
also be continued. 
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The SSME's staged combustion cycle and high main combustion chamber pressure (~3000 psi) result in extremely 
stressful internal operating conditions such as high turbine discharge pressures and temperatures, and high 
turbopump shaft speeds. In order to alleviate these conditions, a new project is proposed for FY 1994 
entitled the Large Throat Main Combustion Chamber (LTMCC) . . The LTMCC differs from the current Main 
Combustion Chamber in several ways. The throat diameter is increased 11 percent which lowers the chamber 
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Both the current estimate for FY 1993 and the budget estimate for FY 1994 reflect the redistribution of the 
Research Operations Support (ROS) funding. This restructuring charges the various NASA programs the cost of 
activities that directly support or benefit these programs. In Shuttle Operations, approximately $84 
million worth of tasks have been reallocated to the benefitting programs. 
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Consistent with the decision to consolidate all responsibilities for FDF management within the 
Communications and Data Systems program, all FDF sustaining activities previously budgeted within Systems 
Engineering and Support will be transferred beginning in FY 1994. 
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OBJECTIVES AND STATUS 

The Aeronautics. Balloons, and Sounding Rocket (AB&SR) systems implementation program is directed primarily 
at the replacement of obsolete systems and the upgrade of facilities to assure reliable service to N s 
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